
Energy Policy Branch 
Library 

Lj3LJ 

REVIEW AND UPDATE OF 
BlO - ECONOMIC MODELS OF 

ACID DEPOSITION 

Prepared by: 

The DPA Group Inc. in association with 

Corexco Ltd. 

For: 

Policy and Planning Branch 
Ontario Ministry of the Environment 

July 1987 ISBN 0—7729—2607—7 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown corn right 
(unless indicated), which is held by the Queens Printer for Ontario. It 
may be reproduced for non-commercial purposes if credit is given and Crown 
copyright is acknowledged. 

It may not be reproduced, in all or in part, for any commercial purpose except 
under a licence from the Queen's Printer for Ontario. 

For infon'nation on reproducing Government of Ontario works, please contact 
iceOntario Publications at copyrighVui?ontario.ca 



REVIEW AND UPDATE OF 

BlO- ECONOMIC MODELS OF 

ACID DEPOSITION 

FINAL REPORT 

Prepared for: by: 

Policy and Planning Branch The OVA Group Inc 
Ontario Ministry of the Environment in association with 

Corexco Ltd. 
File: 14449 

July 1987 ISBN 0—7729—2607—7 



c 1986 Her Majesty the 'Queen in Right of Oni-ar as represented 

by the Minister of the Environment Permission to re—publish all 
or part of this material must be obtained from the of the 

Environment 



I 
ABSTRACT 

In 1980-Si , the Ontario Ministry of the Environment (IWE) 
coxnxnssioned the development of a set of coniputer models to 
estimate biophysical consequences of acid deposition and 
their economic implications These models are reviewed and 
updated to reflect more currently available data and new 
research findings The review and update focuses on three 
receptor categorles: 

. 

U agriculture; and 
. human systems. 

In addition, the deposition components of these models are 
reviewed and the model's structure evaluated. 

For each sector model, both the biophysical. and the economic 
valuation components are examined Recommendations for revisions cover methodology, data, and model parateters. 
Scientific information on the biophysical effects of acid 
deposition is still incomplete In many cases dose-response relationships are still not available The recommendations 
contained in this report, therefore, should be viewed as part 
of an on—going process to continually monitor available 
informataon and, when appropriate, incorporate it into the 
MOE models!!. 

The review suggests that the basic structure of the 1980 
models be maintained, but that the specifics for each sector 
be revised. Major recommendations include: 

1 Modify calculation of levels to (i) 
eliminate the separation of natural and 
deposition and (ii) tailor estimates of deposition to 
each sector and each type of effect For example, 
above—ground effects in forestry and agriculture should 
be based on wet deposition levels during the. .active 
growing season. 

2. Change! parameters of the above ground dose—response 
relationship for forestry so that acxd deposition of 
(a.:verage) pH 3.5 has no effect. 

3. Eliminate crop—specific dose-response relationshIps i.n 
the agricultural model in favour of a single stochastic 
relationship for all crop types. 

4. Maintain the material category approach to estimating 
the effects on materials, however, MOE should monitor 
and, to the extent possible, contribute to efforts to 
develop a data base of structures at risk. 

5. Include steel as a rnaterial at risk and revise the 
corrosion formula for zinc 
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6. Transfer the model to a micro—computer and combine 
it with a geographic information system to facilitate 
input, manipulation and display of spatial data. If the 
model is intended for active use by several parties for 
policy and research planning, then the code should, 
eventually, be rewritten. 

Implementation of this report's recommendations should 
encourage greater use of the models and provide up—to—date 
estimates of the economic effects of acid deposition. 



RESITh!E 

En igeo-ig 8 1, le rninistère de i'Environnernent de i'Ontar a 
demande la conception d'un ensemble de modeles informatiques 
permettant d'evaluer les consequences biophysiques des depots 
acides et 1eu 'rs impa cts éconorniques. Ces modéles font l'objet 
d'un examen et d'une mise a jour afan de tenir compte des 
nou veiles données et découverte s scientifiques. Lexarnen e t la 
mise a jour mettent l'accent sur les secteurs de retombees 
suivants 

. Ia syiviculture; 
I iagricuiture; et 
. ies systèmes humains. 

IDe pius ies composantes de ces modeies traitant des depOts 
font l'objet dtun examen, et ia structure du modèie, d'une 
evaluation - 

Pour chaque modèie de secteur, les composantes d'évaiuation 
biophysique et economique sont etudiees Les revisions 
recommandées touch ent la met hodoiogie, les données et ies 
paramètres du modèie. 

Les renseignernents scientif iques sur ies effets 
des depots acides sont incompiets iDans plusieurs cas, aucune 
donnée les rapports dose-reaction n'est disponibie. C1est 
pourquoi, ies recommandations de ce rapport doivent être 
considerees comme faisant partie d'un processus continu visant 
a recueiliir les donnees disponibles et dans certains cas, a 

ies incorporer aux modèies du ministere. 

A ia suite de i'exarnen, on recommande que ia structure de base 
des mcdèies de 1980 soit con servée mais que les éiéments 
spécifiques de chaque secteur soient réétudiés. On recommande 

1 De modifier le calcui des concentrations de depOts afin 
i) d'elirniner ia separation des depOts natureis et 
anthropogeniques et ii) d'adapter les evaluations de depOts 
a chaque secteur et aux differents effets Par exemple, en 
sylviculture et en agriculture ies effets au dessus du sol 
devraient ètre bases sur ies concentrations des 
précipitations au cours de la saison de croissance. 

2 - De changer les paramétres du rapport dose-reaction au 
dessus du so]. utilises en sylviculture afin qu'un depot 
acide d'un pH rnoyen de 3,5 nv alt aucun effet. 

3. du modèie utilisé en agriculture ies rapports 
dose—reaction specifiques a certaines recoltes pour ies 
remplacer par un seul rapport stochastique utilise pour tous 
les types de récoites. 

4. De conserver ia catégorisation par matériau utiiisée pour 
évaluer les effets sur les matériaux; toutefois, le ministère 
devrait suivre les efforts visant a eiaborer une banque de 
donnees sur ies structures menacees et y contribuer dans ia 
mesure du possible. 
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5. D'inclure l'acier dans la liste des matériaux menaces et de 
réétudier la formule de corrosion du zinc. 

6. De transférer le modèle a un micro-ordinateur et de l'associer 
a un système géographique af in de faciliter 
1 entrée, le traitement et la presentation des données 
spatiales. Si le modèle est ut.ilisé par plusieurs personnes 
pour la planification de politiques et dc recherches, le code 
devrait être éventuellement récrit. 

L'application des recommandations de ce rapport devrait 
favoriser une plus grande utilisation des modéles et devrait 
fournir des estimations a jour de l'impact économique des 
dépôts acides. 
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EXECUTIVE SUMMA RY 

In 1980-81, the Ontario Mm istry of the Environment (MOE) 
coitunissioneci the development of a set of computer models to 
esttmate biophysical consequences of acid deposition and 
their economic implications These models were reviewed and 
recommendations made to reflect more currently available data 
and new research findings The review and update focused on 
three receptor categories 

S forestry; 
I agriculture; and 
I h uman systems. 

In addition, the deposition components of these models are 
reviewed and the model's structure evaluated For each 
sector model, both the and the economic valuation 
components are e Re commendations for revIsions cover 
methodology I ' and model parameters. 
Scientific in formation on the biophysical effects of acid 
deposition is still incomplete In many cases, dose-response 
relationships are still not available The following 
recommendations, therefore, should be viewed as part of an 
on—going process to continually monitor available information 
and, when appropriate, incorporate it into the MOE models.. 
The review suggests that the... basic structure of the models be maintained, although changes to specifics of each sector 
model are recommended The major recommendations are 
discussed below. 

Deposition Components 

In the deposition components of th.e models, it is suggested 
that the separation of natural and anthropogenic deposition 
be eliminated Since we are only interested in the changes 
in costs and benefits associated with changes from current 
acid deposition levels, the natural component of deposition 
is not needed Furthermore, "natural" levels vary 
considerably from region to region and are very uncertain 
The revised model should also allow the user to adjust the 
mix of ions in the deposition to capture the effects of 
emission controls (e g , different control regulations for 
sulfur and nitrogen emiss ions). 

It so suggested that deposition which are used in 
dose—response relationships be tailored to each sector and to 
each type of effect For example, above ground effects in 
forestry and agriculture should be based on wet deposition 
levels during the active growing season (i e , May to 
October), for soil effects, total annual deposition should be 
calculated but prorated by some user-specified parameter to 
indicate the amount of deposition which remains in the soil, 
estimates of dry deposition should be added to wet deposition 
in calculating soil impacts for forestry and agriculture and 
for calculating impacts on human 
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Forestry Model 

The basic structure of the forestry model should be 
maintained, however, the parameters for the above ground 
response function should be adjusted so that acid deposition 
of (average) pH 3.5 has no effect. In the soil component of 
the model, parameters relating base saturation and aluminum 
on tree growth were not available. 

Changes to the economic valuation component of the forestry 
model focus on incorporating current management principles by 
basing harvest levels on Maximum Allowable Depletion concept 
rather than the now-outdated Annual Allowable Cut principle. 

The economic effects of acid deposition are measured in the 
model by changes in wood harvesting costs It is recommended 
that the relationship between potential yield (rather than 
tree size) and wood costs be further analyzed, possibly 
drawing on output from the FORCYTE model or from a survey of 
private operators in Ontario's wood industries. 

Agriculture Model 

There has been considerably more scientific work done on the 
effects of acid deposition on agricultural crops than on 
forest resources Revisions to the 1980 agriculture model are 
suggested for above ground and soil impacts, as well as 
economic valuation For above ground effects, updated 
information does not support crop—specific dose—response 
relationships. Instead, it recommended that a single 
stochastic dose—response relationship for all crop types be 
used. The parameters for this relationship should be based 
on a published of previously estimated functions. 

In the soil component, the assumption that farmers will 
adjust their soil management practices to maintain the same 
soil chemistry is kept Within the soil management 
component, suggested revisions relate primarily to the 
modelling of sulfate fertilizer amendments The 1980 model 
calculates the amount of sulfur fertilizer additions replaced 
by deposition on an ion by ion basis. However, only 10-30 
kg/ha is required on most Ontario agricultural soils, so that 
only sulfate deposition up to this level should be included 
as a substitute for applied fertilizer. Sulfate deposition 
above this level should be considered as neither a benefit 
nor a cost. 

There are two major revisions recommended for the economic 
valuation of agricultural impacts. First, changes in 
economic value arising from price effects should be captured. 
These effects should be activated by the user by specifying 
a price elasticity, with a default setting price effects 
equal to zero. Second, forecasts of agricultural production 
should be based on the same set of macroeconomic assumptions 
as forestry A common and consistent set of assumptions may 
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be drawn from CANDIDE or RIM macroeconomic models. A 
similar recommendation holds for the economic component of 
the forestry model. 

Human Systems Model 

The human systems model consists of three parts: 
materials; 
water supply systems; and 
historic buildings and structures. 

The necessary ingredients for a defensible model of the 
effects of acid deposition on materials suggests that a 
component approach be followed. The component approach 
considers damage to specific structures. The 1980 model is 
based on a material category approach which estimates impacts 
by type of material regardless of use. Unfortunately, the 
data base required for the component approach has not been 
developed, so the material category approach must be used. It is, however, recommended that MOE monitor and, to the extent 
possible, contribute to efforts to develop an appropriate 
data base of materials at risk. In the interim, two major 
changes should be made to material dose—response 
relationships. First, the effects of acid deposition on 
steel should be included. Second, the corrosion formula for 
zinc should be revised. 

Economic valuation of the effects on materials depends on 
estimates of economic life and exposure factors for 
individual materials. In general, the MOE model uses 
estimates from a 1970 U.S. study. It is suggested that, 
until these factors are derived specifically for Ontario, 
they be verified by industry experts. 

The economic implications of acid deposition for water supply 
systems should be calculated as the incremental chemical cost 
of raising the pH of intake water to its original (without 
acid deposition) level. To include a water supply treatment 
component in the model, considerable data must be collected 
on water flows, chemical costs, and the pH of intake water at 
individual treatment plants. 

One of the requisites for identifying the effects of acid 
deposition on historic buildings and structures is an 
inventory of structures at risk. Unfortunately, no 
comprehensive inventory currently exists that has information 
on the number, location or type of material of historic 
structures. This report does, however, contain two partial 
lists from Public Works Canada and Environment Canada. MOE 
should monitor efforts to expand and refine this inventory. 

The economic value of the effect of acid deposition on 
historic buildings and structures can be estimated by asking 
individuals what they would be willing to pay to avoid damage 
or, more practically, the cost of repairing the damage. No 
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studies specific to acid deposition or to Ontario have been 
completed to date. Some case studies should be undertaken, 
but written up separately from the results of the MOE 
computer models. 

Model Structure 

The Interactive Financial Planning System (IFPS) software is 
is a good environment for model development. However, the 
1980 models are difficult to use; there are no interactive 
modules to prompt the user; and it is difficult to make 
changes to the data, model parameters or the program code 
itself. Problems related to model maintenance, data 
management capabilities and cost effectiveness were also 
identified. One of the consequences of these problems is that 
the model is not used extensively. 

It is recommended that the models be transferred to a micro- 
computer version of IFPS and that they be used in. conjunction 
with a geographic information system for both data input and 
display of results. If the models are intended for active 
use by several people for policy and research planning, then 
the code should, eventually, be rewritten to make it more 
user friendly and to facilitate sensitivity testing and model 
maintenance. 

Implementation of this report's recommendations should 
encourage greater use of the models and provide up—to—date 
estimates of the economic effects of acid deposition. 



1—1 

1.0 INTRODUCTION 

Acid deposition, its environmental and! socioeconomic 

consequences, and its control have rapidly become major 

issues facing Canadian society. These issues have raised 

concerns and questions about appropriate policy both within 

Canada and! internationally _especially in bilateral 
discussions with the United States. As the issues move into 
the public policy arena, it is critical that decision-makers 

Suited to their needs. 

In 1980-81, the Ontario Ministry of the Environment (MOE) 

commissioned the development of a set of computer models 

(henceforth referred to as the 1980 models) which may be used 
to estimate certain biophysical consequences of acid 
deposition and theIr economic implications. These models 
addressed the following receptor ca tegorias: 

agriculture 
• forestry 
• commercial furs 

• commercial fbi 
• selected structural materials (human systems). 

The models are described in the report: "A Methodology for 
Estimating Impacts of Acid Deposition in Ontario and 
their Economic Value" by Victor and Burrell (1982). 

Biological and physical relationships and acid deposition 
which were incorporated! into these modT!els were 

based on available inforration and literature up to 1980. 
Similarly, inventory data was based on 1980 earlier) 
statistics. 

In the past five years, since the 1980 models were developed, 
there has: been considerable research and information 
generated on the effects and consequences of acid deposition. 

In December, 1985 the Ontario Ministry of Environment (MOE) 
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commissioned the DPA Group (in association with Corexco Ltd.) 

to review and update these models to reflect more currently 

available data and new research findings. The review and 

update focuses on three of the receptor categories: 

• agriculture; 

• forestry; and 

• human systems. 

This report presents the findings and recommendations of the 

review. The report is structured as follows: 

Section 2 outlines the treatment of deposition in the 

1980 model and recommendations for revision. 

Sections 3 through. S cover the forestry, agriculture, 

and human systems models, respectively. For each 

sector, the 1980 model is described, recommended 

revisions documented, the Victor and Burrell (1982) 

recommendations reviewed, and data requirements and 

availability noteth 

Section 6 covers possible computer environments for the 

models. The discussion begins with an audit of the 

structure and performance of the 1980 model and 

concludes with recommended revisions to the program 

code to incorporate new dose—response relationships or 

economic valuation methods. Data management options are 

also reviewed. 

Section 7 summarizes the study's recommendations. 

The remainder of the introduction provides background on the 

1980 models and a brief overview of the work program 

undertaken in the review and update of the models. 

1.1 Overview of the 1980 Models 

The 1980 models were developed as one of three studies funded 
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by MOE on the socioeconomic effects of acid deposition. One 

study addressed amenity and aesthetic values affected by acid 

deposition and a second considered its implications 

for tourism and outdoor recreation. 

The third study - on which this report is based - addressed 
the "impact on biological systems and hum'an artifacts for 

which there are explicit market values" (Victor and Burrell, 

1982) The original objectives of the study were to develop 

quantitative estimates of the effects of acid deposition on 

goods and services market prices were available and 

to estimate the economic value of those effects. 

However, the consultants were faced with a relative void of 

useful information on biophysical responses to acid 

deposition. The focus of the study, therefore, was changed 

to be "the development of a preliminary, yet comprehensive, 

methodology for generating estimates of acid deposition 

impacts in Ontario and their economic value" (Victor & 

Burrell, 1982).. Less emphasis was placed on generating 

quantitative economic values for acid deposition impacts. 

The resulting methodology consists of five separate models, 

one for each of the major receptor categories, as noted 

above. 
* 

There are two interrelated components within each 
receptor model. The first compone-nt models biophysical 

responses of resources to acid deposition; the second 

translates physical units of impact into monetary values. 

Exhibits 1.1 and 1.2 show the major elements for the 

biological s.ystems models (e.g., forestry, agriculture), and 

for building and materials, respectively. 

Each sectoral model is described in more detail in Sections 

2.1, 3.2, 4.2, and 5.2 below. 

The 1980 models analyze potential impacts of acid deposition 

over a 22 year period. Although final results are available 

on province-wide aggregate basis, the estimates are derived 



EXHIBIT 1.1: Victor & Burrell Analytical Framework: Biological Systems 

Source; Victor and Burreil (1982) 

a 



EXHIBIT 1.2: Victor & Burrell Analytical Framework: Buildings & Materials 

Mid 

Sc e oar! a 

Materials 
and 

St r uc t u re S 

I 

Material 
Interaction 
Factors 

Source: VicLor and Burrell (1982) 

Lfl 
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from separate calculations for 64 ecologically distinct 

subregions. The multi-regional approach allows for 

differences in acid deposition levels, resource inventories, 

and buffering capacity. All data necessary to run the models 

were calculated for each of the 64 regions and subsequently 

stored in the Ontario Government's Downsview computer, along 

with the models' programs. 

The 1980 models incorporate a Monte Carlo procedure to 

explicitly take account of the considerable uncertainties in 

the postulated dose-response relationships. In the Monte 

Carlo procedure, various causal relationships are represented 

as probability functions so that estimates of acid deposition 

impacts and their economic values are presented with their 

associated variances. 

1.2 Review Methodology and Work Program 

The review and update of the 1980 models progressed in three 

phases.. The first phase included a review of the existing 

models and assembly of updated research and information. As 

indicated in Exhibit 1.3, the first phase of the work program 
was composed of five main elements or tasks: 

audit of the existing model; 

identification of alternative models (forestry and 

agriculture); 

identification of alternative models (human 

economic valuation assessment; and 

assessment of computer needs. 

In Phase II, this information was. synthesized and options and 

recommendations for model update developed. Recommendations 

focus on immediate changes, but also include recommendations 

for further research. 

The third phase of the work program coinnenced after 

recommendations had been reviewed and decisions taken by MOE. 

The third phase was composed of three major tasks: 

specification for model/programming revisions; 
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EXHIBIT 1.3: OVERVIEW OF WORK PROGRAM 

PHASE I Audit of 

L 
Existing Model 

Identify Alternative 

______ 

Economic 
> 

Identify Alternative 
Models: Forestry Valuation Models: Human Systems 
and Agriculture 

PHASE II Recommendations 

L and Decisions 

PHASE III 

Model Revise or Identify 
Specifications Revisions to Data 

Bases 

Finalize 
Recommendations 
for Modelling 
Environment 



1—8 

• revisions or identification of revisions to databases; 

and 

• finalization of recommendations for modelling 

environment. 
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2.0 DEPOSITION NODE]: 

2.1 Description! of the 1980 Nodel 

The 1980 deposition model was briefly reviewed at the 

workshop on acid deposition impacts on forestry and 
agriculture held as part of this study (see Section 3.1) and 

at meetings with MOE representatives. 

The 1980 model ssurnes that deposition of all materIals is!!! 

correlated with deposition of sulfate!! ions (see Exhibit 2.1)!. 

Data on the: deposition rate of the four major Ions (hydrogen, 
!aIflJonia, nitrate an!d! sulfate) were used to establish 
statistical relationships among them. These relationships 
together w i!!t!h an assumed background pH were used to partition 
deposition into "natural" and! anthropogenic components!. 
natural compor! ent was assumed to be related to rain with a! pH 

of 5.6. Given the hydrogen ion concentration and the:! 

statistical relationship between hydrogen and siulfat!e, th!!!e 

"natural" portion the sulfate deposition We!! s estimated. 

All nitrogen coK!!pounds were ggre!!!ga!!ted together on the 
proportion of atomic weight of nitrogen in the: compounds. 
T!his! was related (statistically) to st!lfate !and 

partitioned!!! into natural and anthrop!og!enic sources 
accordingly. Throughout 1980 model all calculati!:ons of 
impacts were partitioned into n!! atural and ant!!hrop!og!enic 
level,s based on these derived! proportions. 

Deposition scenarios were constructed by changing sulfate 
depositions; all other ions changed according to th!!!e overall 

statistical relationships. 

Dry deposition was not included the model. 
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EXHIBIT 2.1: 1980 DEPOSITION MODEL 

Source: Group Inc. 
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2.2 Recommended Revisions to Deposition Model 

The separation of: natural and anthropogenic components of the 
deposition can be eliminated from the model. Since we are 
only interested in the changes in costs and benefits 
associated with changes from current deposItion rates, the 
natural component of the deposition is not needed, 

Furthermore, as was discussed in the workshop, "natural" 
levels vary considerably region to region and are very 
uncertain; 

Recommendation 1: Eliminate the separation of natural and 
anthropogenic effects. 

It is unrealistic to assume that the ionic composition of the 
deposition remain constant if emission controls are 
introduced, For example, the level of controls on!!! sulfur and 
nitrogen emissions differ. 

Recommendation 2 t The!! model should allow the user to 

adjust the mix of ions in the deposition. To do this, acid 

deposition data for each of: the four ions (i.e., hydrogen, 

sulfate, nitrate, ammonia) should be input separately. 

Deposition data to start the model for use inS! dose- 
response equations should be calculated over time periods 
during which the impacts occur. The appropriate periods vary 
by sector and impact mechanism. Above_ground effects for 
both agriculture and forestry occur during the active growing 
season (Nay-October). The appropriate period for soIl 
impacts is more controversial and depends on one's estimate 
of the amount of deposition deposited during snow thaw. 

Using annual figures may overestimate deposition, while 

growing season figures! may underestimate. Coote et. al. 

(1986) suggest that 65% of annual deposition remains and 

enters the agricultural system; but the actual proportion is 

not known with great certainty. 
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Corrosion rates for materials are developed based on annual 

pollutant concentrations; therefore, annual deposition 

figures should be used in the human systems component. 

Recommendation 3: For above—ground effects in forestry and 

agriculture, wet deposition levels should be calculated for 

the active growing season (defined as May to October). For 

soil effects, total annual deposition should be calculated, 

but prorated by some user-specified parameter. The default 

value for the parameter should be 65% (Coote et. al., 1986); 

that is, 65% of annual deposition remains in the soil. For 

human systems, deposition levels over the whole year should 

be 

The 1980 model makes no distinction between deposition that 

affects above ground parts of the plants and deposition that 

affects the soil. To facilitate the investigation of 

episodic deposition events and differences between above 

ground and soil effects, separate above ground and soil 

depositiàn rates for hydrogen ions should be available in the 

new model. 

Recommendation 4: There should be two deposition parameters 
for hydrogen ions. The two parameters relate to above ground 

and soil effects which can be differentiated by the user. A 

default in the computer program should equate the parameters. 

Above ground effects of dry deposition in both agricultural 

and forest systems are not well understood and can be left 

for the time being. However, estimates of dry deposition 

levels do exist for some sites in Ontario and the effects of 

dry deposition on soils and materials should be considered in 

the revised model. 

Recommendation 5: Dry deposition data should be added to wet 

deposition estimates in calculating soil impacts for forestry 

and agriculture and for calculating impacts on human systems. 
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The impacts of acid deposition on water supply systems are 

determined by changes in water pH. 

Recommendation 6: Average annual water pH should be 

calculated for the water supply component using the same 

methodology as in the 1980 model; average growing season pH 

should be calculated for forestry and agriculture above 

ground effects. 

Given the purpose and scope of the exercise, modelling 

efforts should focus on incorporating scientific evidence of 

the effects of a limited range of acid deposition. 

Recommendation 7: The pH range for simulations should be 

limited to "realistic" average levels calculated over a given 
time period and variations 3.5cpH<5.5. 

2.3 Data Requirements and Availability 

Data on monthly average wet deposition for four ions must be 
assembled by region to operate the revised deposition model. 
The four ions are:. 

• hydrogen (H+); 

sulfate (SOx); 

nitrate (NOx); and 

• ammonia (NH4).. 

A comparable set of data on dry deposition is also required. 

The deposition data requirements for each of the sectoral 

models are summarized in Exhibit 2.2. As indicated, monthly 

data on wet deposition, aggregated over the active growing 

season (May through October) are required to estimate above— 

ground effects for both forestry and agriculture. For soil 

impacts, monthly data on both wet and dry deposition is 

accumulated over the whole year, but then prorated by a user- 

specified percentage (default set at 65%). 
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EXHIBIT 2.2: DEPOSITWN DATA REQUiREMENTS 

I 
Wet 

I 
PerioC 

I I 

Sector 
I 

Conponent Sax NOx NH4 11+ 
I 

SOx NOx P4H4 lit 
I 

I I I 

I I 

above ground X X X noteb May thru Oct. 
Forestry I I 

I soil X X X note b X X X X 
I 

Jan thru Dec (pro-rated)° 
I I I 

I I I 

above ground x x K note b I I 
May thru Oct. 

Agriculture 
I I 

sojl K K K note h 
I 

K K K K Jan thru Dec (pro-rated)t 
I I I 

I I I 

Hutian Systems K X I 
K K Jan thruDec 

I I 

I I I 

HoLes 

Period over which monthly deposition levels are 

c 
Above-ground and soil Hs- can be varied by the model user. 

Prorated based on a user-specified proportion (or by a default value of 65X). 
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Because of the format and availability of dose-response 

relationships for human systems, wet and dry deposition for 

SO and H only are required. Deposition should be cumulated 
x 

over the year. Average annual pH levels are required to 

estimate water supply system impacts. 

All data are available from the Air Resources Branch of the 

Ontario Ministry of Environment. 
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3.0 FORESTRY MODEL 

3.1 Review Methodology 

The methodology to the forestry model consisted! of 

three 

1. An audit of the 1980 model. 
2. A workshop of scientific researchers. 
3. A literature review. 

The audit of the 1980 model involved an examination of the 
computer code, simulation runs and sensitivity tests to 
identify operational parameters and critical in 

the model. Based on audit, a logic diagram for the:! 

1980 forestry model was developed. and a set of revision 
issues identified. 

The workshop brought together the best available expert 
opinion in the field of biophysical impacts of acid 

deposition on forest and agricultural resources. The 
objectives of the workshop were: to gather up-to-date 
(including pre—publication) material and information; to 

expose differences in opinion within the scientific community 
about biophysical impacts; and to discuss other available 

models of: effects. 

The workshop was held over two days. During ti e first day; 

the 1980. model was reviewed and alternative strut 

discussed. The second day was devoted to a more detalled 

review of model relationships, current research findings and 

data. availability. Both days were spe:nt in plenary session 
to take advantage of the ticrosspollinationlt of' disciplines 

Experts from both Canad and the United States participated 

in the workshop, representing :g.overmnent, industry and 

research institutes. A ccmplete list of participants is 

included as Appendix A. 
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The audit and workshop were supplemented by a review of the 

literature. References were gathered from a computer 

literature search and workshop participants. In addition, 

the project team's specialist advisors had both recently 

concluded extensive literature reviews on this subject. 

Published information provided much of the data for revisions 

to model parameters and dose—response relationships. 

3.2 Description of the 1980 Model 

The 1980 forest model has three main components: foliar or 
above ground effects; soil mediated effects; and economic 

valuation. The main components and their interactions are 

illustrated in Exhibit 3.1.. 

Above Ground Effects 

The 1980 model calculates direct effects of acid deposition 
on trees in two steps. The first relates changes in pH of 

precipitation to changes in photosynthetic capability. The 

model identifies three levels, of sensitivity of 

photosynthetic capability to changes in pH. Twelve species 
groups are allocated to the three sensitivity classes. The 

sensitive class includes: jackpine, white birch, ash and 

elm. The intermediate class includes: maple, yellow birch, 
white and red pine and poplar.. The tolerant class includes: 
spruce, cedar,. fir and, oak. Exhibit 3..2 shows the' assumed 

effect of pH on photosynthetic capacity for the three 

sensitivity groups. 

The second step relates changes in photosynthetic' capacity to 

changes in yield. This relationship was developed from data 

on the cotton plant (Brisley et al., 1959) and is illustrated 

in Exhibit 3.3. The change' in yield due to foliar or above 

ground effects is assumed to be ephemeral (i.e., yields are 

affected only in the year deposition occurs, with no year- 

over-year impacts). 



3—3 

EXHIBIT 3.1: 1980 FORESTRY MODEL 

Source: and 2urreli (1982) 



Per Cent Reduction in 
Photosynthetic Capacity 

100 

0 

pH of Precipitation 

User Selected 

Table of Parceter Values Used in the Cocputatiorial Yrcework 

pH of Precipitation 

1001 Reduction 
in Photosynthetic 
CApacity 

s: 1.6, 1.85, 2.1 
1: 1.6, 1.95, 2.3 
t: 1.8, 2.15, 2.5 

4 

s sensitive species 
i• intertediate species 

tolerant species 

0% Reduction 
in Photosynthetic 
Capacity 

a: 4.1, 4.4, 4.7 

i; 3.8k 4.15. 4.5 
t: 3.0, 3.5, 4.0 

source: and Burrell (1982). 
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EXHIBIT 3.2: FOLIAR DOSE - RESPONSE RELATIONSHIPS: FORESTRY 
(1980 Model) 

Intertediate 

4.15 

Monte 
Carlo 
Values 
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EXHIBIT 3.3: YIELD - 

FORESTRY 
PHOTOSYNTHETIC 
(All Species) 

(1980 Mo 

CAPACITY RELATIONSHIP: 

del) 

Per Cent Reduction 

in Yield 

100 

Monte 
f 

55 
Carlo 51 
ValuesL47 

0 

Per Cent Reduction in Pbotosycthecic Capacity 

Source: t'ictor and Burreli (1982) 

75 100 
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3.2.2 Soil Effects 

The soil effects operate through three pathways in the 1980 

model. They are: 

, nitroge n fertilizer; 
, nutri ent cation (i.e. , calcium) ; and 

I tOXiC :fects of th !!! e mobilization of metals as 

aluminum. 

The nitrogen fertilization effect assumes that yield changes 
are proportional to the application of nitrate to an upper 
limit (beyond which nitrogen: is no longer a limiting element 
in tree growth). 

The basic cation part of the! 1980 mode!l uses a mass balance 
calculation to update the!: base! saturation: of the 
annually in response to nitngen fixation, atmospheric inputs 
and plant uptake into th!!!e trees. The model data for 
each of the 64 sub_regions on: initial base saturation, 
productive forest land, ca!tion exchange capacity, bulk 
density 0!! f the soils, active soil depth, atmospheric 
deposition of hyc!trogen ions, e!stimate of plant biomass for 
uptake rates and an estimate of hydrogen ion generated from 
nitrogen fixation:. After!!! updating base! saturation each year, 
the exchangeable calcium concentration of the soils is 
cal!culated the b!ase saturation,! cation! exchange 

capacity, tulit density and an estimate of a!!!vailable calcium.! 

Th!e response of forest yields is calculated as a function of 
the !ch!ange or loss of calcium from the soils. 

The final component of the!= 1980 soils response model! relates 
aluminum in tb!e soils to forest productivity. Available 

aluminum assumed to be a function of soil pH, !the!! physical 
and chemical nature of the soil matrix, the pre sen!ce of 

organic substances, and a!cid loading. Soil pH is predicted 
from base saturaticn calculated in the! basic cation part 
of: the model. The effect of aluminum on. yield is assumed to 
be linear; however, th!e slope and intercept wer!!e set to zero 
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in all simulations due to lack of available data on this 

mechanism. 

3.2.3 Economic Valuation 

The 1980 model assumes that the effects of acid deposition 

would not change the volume of wood harvested as the 

predicted changes in forest yield would not be sufficiently 

large to change allowable cut regulations. However, it is 

assumed that the change in forest productivity due to acid 

deposition would change stand density (either from reduced 

growth rates or reduced stem density) and consequently, 

raise harvesting costs per unit volume of wood. The 1980 

model includes several forest operation costs that are 

sensitive to changes in forest density and assumes that 

proportional changes in productivity (yield) flows through to 
a commensurate proportional change in these operating cost 
components. Changes in unit costs are then applied to actual 
cut figures by region to estimate change in total costs. 

Currently, forest harvest is not at allowable cut levels for 
all areas or species. For those area/species combinations 

where current harvests are below allowable cuts, the model 

assumes growth in harvest based on extrapolation of 

production from Crown and patented lands for the period 1940- 
1966. In the 1980 model, harvests grow beyond allowable cuts 
for 10 years (for the harvest of over—mature timber) and then 

fall at the same but negative growth rate until allowable 

cuts are reached. 

In cases where actual cuts already exceed allowable cuts, 

harvests are projected to decline to reach the allowable cut 
levels in 10 years. 

3.3 Recommended Revisions to Forestry Model 

In the original 1980 model, forest effects of acid deposition 

are summarized through a metric called yield. Yield refers 
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to the volume of harvestable timber, the volume actually 
harvested. The term "yield" should be replaced by a term for 

forest productivity or "potential yield". Potential yield 

can be measured in cunits per hectare and is affected by 

changes in stand density, current annual increment, mean 

annual increment, etc. The volume of wood actually extracted 

should be referred to as "harvested yield". This change in 

terminology does not affect the model functionally, but does 

clarify the distinction between biological (potential yield) 

and economic (harvested yield) forest production. 

3.3.1 Above Ground Effects 

Two approaches to modelling above—ground effects of acid 

deposition were suggested at the workshop. One approach 

requires the development of a direct dose—response 

relationship for trees based on empirical data (analogous to 

the relationships used in the agriculture model). The 

participants knew of one major experiment involving simulated 

acid deposition on trees. The study was carried out by the 

Electrical Power Research Institute and the Tennessee Valley 

Authority. This reference will be available soon but the 

general results are that little or no above-ground effect was 

measured in the pH range of 3.8 to 5.0. 

The second approach maintains the mechanistic structure of 

the 1980 model but updates it with more recent information. 

This approach models the mechanisms by which acid deposition 

may affect forest productivity, based on known (or suspected) 

chemical and biological processes. The following discussion 

identifies appropriate changes to the 1980 mechanistic model. 

The 1980 model incorporates three sensitivity classes. 

Although species-sensitivity has been detected in seedling 

experiments (MOE, personal communication), evidence to date 

does not support the idea of differing sensitivities to acid 

deposition amongst (mature) tree species. 
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Recommendation 1: Maintain the model's capability for 

identifying three sensitivity classes, but introduce a 
default which reduces the sensitivity classes to one. 

When new data become available, or the user wishes to perform 
sensitivity tests, he/she may activate the three sensitivity 
classes by specifying species for each class and parameter 
values to identify differences in sensitivities between 
classes. 

A further modification to the photosynthesis-yield structure 
was considered. Conceptually, the effects of acid deposition 
on tree defoliation could be generalized from recent data on 

the effect of acid deposition on crops. Data from defoliation 
experiments. (i.e., for budworm) can then be used to relate 
changes in photosynthetic capacity to changes in tree growth 
or mean annual increment. There is, however, no evidence for 
foliar effects of acid deposition above the pH levels of 3.5 
proposed for the revised model. 

Recommendation 2: The intercept on the foliar dose—response 
relationship (Victor and Burrell report Figure 3.2) should be 
set to 3.5 so the expected foliar effect of acid deposition 
will be zero at pH 3.5. Monte Carlo runs using the 1980 
structure but with the new intercept could provide an 
indication of how sensitive the overall model is to this 

assumption. 

The model accounts for effects of acid deposition only. 
Ozone can also affect above ground forest productivity. 

These effects could be added to the model by incorporating a 

linear multiplier to scale the acid deposition dose—response 
relationship. 

3.3.2 Soil Effects 

During the model review and workshop, it was suggested that 

nitrogen and sulfur (not hydrogen ions) should drive the base 
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saturation calculations and that the nitrogen fixation ten 
be dropped. 

Recommendation 3: The only recommended change to the base 

saturation equation is to drop the nitrogen fixation term. 

Enhanced cation uptake by wood because of the nitrogen 

fixation is already incorporated by the term dealing with 

change in potential yield. 

Literature on the forest effects of acid rain indicates that 

acidification will be so subtle that the model should be 

insensitive to the exact impact mechanisms. However, it is 

important that the long ten effect of acidification on base 
saturation and yield be maintained. 

For a hypothetical forest soil it was calculated 
that 100 years of pH 4.0 precipitation would 
decrease base saturation in the top 20 cm of soil 
by 20% and would lower the pH of the A2 horizon by 
approximately 0.6 units if there were no 
countering inputs of basic materials. (Morrison, 
1984) 

Recommendation 4: Make the change in potential yield a 

direct function of base saturation (instead of through 

changes in exchangeable calcium). Because of a lack of data 
on the relationship between base saturation and tree growth, 
this function can be assumed to be linear (the simplest 

functional form with least data requirements). At the time of 

this report, we are unable to make any suggestions regarding 

the parameters. 

In the 1980 model, yield was assumed to increase because of 
fertilization from nitrate depositions. This should be 

expanded to include other nitrogen compounds and updated to 

more recent data. 

Recommendation 5: The change in current annual increment 

(CAl) due to nitrogen fertilization can be assumed to be: 
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CAl = Base CAl * (1 + .0011 * N kg/ha) 

This increase in growth should not continue a 

saturation level at maximum growth increase of 25% over a 
five-year period should be 

This relationship and saturation level derived from 

Foster and Morrison (1983) Table 1, assuming a 25% increase 

in growth over a five_year! period from! a single 224 kg/ha 
application (i.e., 0.25 = .0011 * 224!). 

At the workshop, there was some discUSsion of th:e effects on 

winter hardiness of fertilization stimulation. The consensus 

conclusion was!that nitrogen deposition rates: in Ontario are 

too low to promote this problem. Also, winter hardiness 
problems and die_back have only been obsene!d at higher 
elevations (mountain to]!s) than are in ontriols 
productive forest lands. 

The structure of tie calculations of! mobile aluminum should 
be changed t!o more accurately reflect current understanding 
of the mechanisms of trace metal solubility (Paul Arp, 

University of!= NB, person! !al communication), but the degre!e of 

impact on trees!! is still in doubt. 

Recommendation 6: The amount of mobile aluminum should! rerr!ain 
constant urtil base sat!!!uration drops below some critical 

point. The!n all of the hydrogen input can be assumed to 

liberate aluminum or other trace metals (i.e., Al+++ = 3H+). 
The calculation of the effect of aluminum on tree growth or 

yield should iemain the! same. At the time of this report, we 

were still unable to find appropriate parameters f!:or the 

model!. 

3.3.3 Economic Valuation 

Victor and Burrell (1982) state "the approach to 

estlmatlng the economic value of aci!d! deposition impacts !on 
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Ontario's forests [in the 1980 model] assumes that the effect 

on the total quantity of wood extracted will be unchanged. . ." 
As previously noted, this implies that allowable cut 

regulations would not be changed. 

Forest management and harvest levels are now based on the 

concept of Maximum Allowable Depletion (MAD) instead of 

annual allowable cut. MAD differs from annual allowable cut; 

MAD is the "calculated amount of area from which timber may 

be depleted over the five year term of a Timber Management 

Plan by any means, including harvesting, fire, insects, 

disease, inoperability, or because of allocation of the area 

to other uses. . ." (Ontario Ministry of Natural Resources, 
1986). Allowable cut is the volume of timber which may be 

cut for commercial use. 

Under this system, there are two pathways by which acid 

deposition could affect a change in the total quantity of 

wood extracted. First, it could change MAD. MAD is a 

function of area, age, and time. Time factors include 

rotation or cutting cycle and regeneration period (i.e., the 

period between harvest cut and the approval of stand as free- 

to-grow), Rotation period is based on local conditions and 

"reasoned judgement by the forest manager, based on some 

guiding principle, records and experience" (Ontario Ministry 

of Natural Resources, 1986). Rotation period is also 

modified by yield tables which relate age and various yield 

variables such as height, volume, current annual increment 

(CAl) and mean annual increment (MAl). 

Conceptually, a change in one of the yield variables due to 

acid deposition could affect MAD. Where harvest levels are 

currently constrained by MAD, a lower MAD could reduce the 

total quantity of wood extracted. The link between change in 

potential yield and MAD could be modelled by combining 

yield table data (e.g., relating CAl to optimum rotation 

periods) and output from the Ontario Wood Supply and Forest 

Productivity (OWOSFOP) model which calculates MAD. 
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However, f or the purposes of this model, it is suggested that 

MAD not be linked with changes in potential yield, but remain 

invariant to the effects of acid deposition. The reasons 

are: 

Only significant changes in CAl (e.g., more than 10%) 

are likely to affect rotation, MAD, or forest stand 

management because methods of measurement are crude, 

wood supply is not tightly constrained in Ontario, and 

actual cut is below MAD in most management units 

(Ontario Ministry of Natural Resources, personal 

communication). In the revised biophysical model -— as 
in the 1980 model -- impacts on potential yield are 
expected to be small. 

* MAD is determined in large part by local judgement 

factors. These factors may vary over time, may 

themselves be affected by acid deposition, may 

overshadow the effect that changes in potential yield 

may have, and are difficult to model over long time 

horizons. 

• Considerable data and model extensions would be required 

to endogenize the potential yield/MAD relationship, 

complexities which are not warranted by the quality of 

biophysical data and the magnitude of expected effects. 

The second pathway by which acid deposition could affect 

harvest is by changing the quantity of wood available from a 

given area. 

In a particular region, (maximum) harvest is calculated as a 

given number of hectares (derived from MAD regulations) times 

cunits per hectare. Although the harvested area remains 

constant, acid deposition may reduce cunits per hectare, 

causing a decline in the volume of harvested wood. 

In summary, acid deposition could affect the quantity of wood 
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harvested either through management changes in MAD or 

directly through changes in cunits per hectare. These 

linkages can be modelled, but the effect is likely to be 

small for three reasons. First, the biophysical effects of 

acid deposition on potential yield are expected to be small. 

Second, any changes in potential yield factors would be small 

over the time horizon used in the model (at a maximum, 

changes in CAl will affect forest productivity in the model 

in only 20 years of a rotation period of approximately 60 

years). Third, harvests in the majority of management units 

are not constrained by MAD regulations. 

Recommendation 7: At this time, maintain the assumption that 

the total quantity of wood extracted will not be affected by 

acid deposition on the premise that the effect on potential 

yield is small. However, should scientific evidence suggest 

otherwise, it is recommended that MAD be linked with changes 

in potential yield as outlined above. 

In the 1980 model, harvest levels increase at an historic 

growth rate until constrained by allowable cut regulations. 

As noted above, allowable cut data is now outdated and should 

be replaced with MAD information. MAD is available from the 

Ontario Ministry of Natural Resources for most of the +100 

management units for five year periods in 20 year Timber 

Management Plans. MAD values for the remaining management 

units will be available after management plans have been 

approved. 

To operate as a constraint on harvest levels, two adjustments 

must be made to MAD values. First, MAD includes all forms of 

depletion. Harvest represents just one form of depletion and 

harvestable area will likely be some portion of MAD. The 

harvested portion of MAD depends on local factors and, 

therefore, differs across management units. (Local factors 

include susceptibility to fire and pest and area allocated to 

recreational and other uses.) Rough rules of thumb for the 

harvested portion of MAD could be developed in consultation 
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with foresters in each management unit (John Kus, Ministry of 

Natural Resources, personal communication). This option 

should be included in the model, but, until these data can be 

collected, 100% of MAD will be assumed to be harvestable. 

Second, MAD values are given in hectares, while actual cut 

data in the 1980 model are given in volume units. To enable 

comparisons of MAD and harvest, actual cut data must be given 

in! area units. These data (with corresponding volumes 

figures) are available for each management unit from the 

Timber Sales Branch of the Ontario Ministry of Natural 

Resources. 

In the 1980 model, allowances are made for harvests of over- 

mature lands so that the quantity of wood extracted could 

exceed allowable cut in any given year. These allowances are 

subsumed in the MAD calculation by using acceleration 

factors. Consequently, the value for MAD (adjusted for 

harvestable portion) should be the only factor used to 

constrain harvest levels. In the model, actual harvest in 

year t should be determined by: 

Actual harvest = Min[(harvest * (1 

100 

where Mm stands for "minimum" 

G is the percent growth rate of harvest. 

Recommendation 8: Replace data on annual allowable cut with 

maximum allowable depletion (MAD) values for five year 

periods in the 20 year timber management unit planning 

horizon. When data become available, these figures should be 

adjusted for harvestable portion. The adjusted MAD provides 

a control for unconstrained growth of actual cut, as follows: 

Actual harvest (ha.) = Min[harvest previous year (ha.) * 

(growth factor); (adjusted) MAD] 

Recommendation 9: Update harvest data to correspond to MAD 
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management units. Harvest data to be given in terms of both 

volume (units) and area (hectares). 

In the 1980 model, the economic impacts of acid deposition on 

forest activities are calculated as: 

Change in economic welfare = TC-TC' 

where TC' are total harvesting costs with acid deposition 

TC are total harvesting costs without acid deposition. 

This equation is a special case of the general formula for a 

change in economic welfare 

P(Q'—Q) + (TC-TCt) + .5(P'—P)(Q'-Q) 

where P is the initial price per unit of wood harvested 

Q', Q are the volumes of wood harvested with and 

without acid deposition, respectively 

TC', TC are total costs of harvesting with and without 

acid deposition, respectively 

P' is the new market price associated with Q' 

Because the 1980 model assumes Q' = Q, then P(Q'—Q) = 0 and 

.5(P'-P) (Q'-Q) = 0. Consequently the general formula reduces 

to TC—TC' which represents a loss in economic welfare when 

TC<TC' and a gain when TC>TC'. The formula used to calculate 

forestry—related changes in economic welfare due to acid 

deposition is, therefore, a correct measure under the 

specified assumptions. 

Graphically, the change in economic welfare is given by the 

area ABHE in Exhibit Costs without acid deposition are 

given by the area under the supply curve S. For quantity Q, 
total costs are OAEQ. Costs with acid deposition are given 

by the area under the supply curve 5'. For quantity Q, total 
costs are OBHQ. The change (increase) in costs is, 

therefore, ABHE. 
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EXHIBIT 3.4: CHANGES IN ECONOMIC WELFARE IN THE FOREST 
SECTOR 
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Because it is assumed that the quantity of wood extracted 

does not change, the formula used to calculate changes in 

economic welfare need not be modified. If, however the 

quantity of wood extracted did change, the economic valuation 

methodology would have to be modified. 

In the 1980 model, changes in total costs (TC-TC') are 

calculated from volume of wood extracted and changes in 

delivered wood costs. The model relates changes in delivered 

wood costs to changes in tree size (which is assumed to be 

proportional to changes in Total wood. costs are 

disaggregated and forest operation costs which are sensitive 

to changes in tree size identified. In the absence of better 

information, the 1980 model assumes that:. 

falling, bucking, and delivery (road to mill) costs 

increase in the same the decrease in tree 

size 

delivery costs (stump to 'roadside) increase by 50% of 

the decrease in tree size. 

In practise, tree size is only one factor in potential yield 

which may affect costs. Other factors such as number of 

trees per hectare will also affect costs. 

Recommendation 10: Relate changes in delivered wood costs to 

changes in an appropriate measure of productivity (i.e., 

potential yield) instead of tree size. 

This revised approach requires that proportional changes in 

cost components used in the 1980 model be reassessed. 

Necessary modifications can be undertaken in one of two ways. 

First, the existing breakdown of costs into components (e.g., 

falling and bucking, overhead, etc.) would be reviewed in 

order to: 

identify which components are affected by changes in 

potential yield (not just tree size); 
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• confirm their share in total costs; and 

• revise the assumed statistical relationship between 

each cost component and potential yield. 

Unfortunately, the Ministry of Natural Resources has not 

modelled delivered wood costs. Most detailed cost 

information is privileged and belongs to private wood 

industry companies. A survey of private operators, 

supplemented with interviews with public sector and industry 

association foresters, could, however, produce the necessary 

data for model revisions. 

Alternatively, existing forest management models may be 

accessed. Two models may be particularly useful. The Forest 

Nutrient Cycling and Yield Trend Evaluator (FORCYTE) model, 

resident at the University of British Columbia, is a forest 

management simulator designed to estimate the long-term 

consequences of intensification of forest management for 

biomass yield and the economic performance of management 

strategies (Kiltunins, 1985; H. Kimmins, University of BC, 

personal communication). Because the model is ecologically 

based and includes an economics package, it could be used to 

determine the relationship between potential yield and 

delivered wood costs. 

Because of FORCYTE's structure, it is doubtful that equations 

can be e-xtracted and used in the MOE model. Simulation runs 

could, however, be performed upon which a generalized 

relationship between productivity and delivered wood costs 

could be derived. 

The second model -- the modified Timber PAM model -- is 
resident at the University of New Brunswick. This model was 

recently used to design management strategies for a timber 

stand in New Brunswick (Walker and Lougheed, 1985). Model 

results included: 

maximum volume obtainable; 

minimum cost of producing maximum volume; and 
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minimum — cost strategies for lower 

harvest levels. 

Again, equations cannot defensibly be extracted from Timber 

RAM for use in the MOE model. Simulations could be run, but 

this exercise would require substantial data collection; 

documentation on the model suggests it contains virtually no 

data. 

Recommendation 11: It is recommended that a relationship 

between potential yield and delivered wood costs be 

developed, based on simulation data from FORCYTE or from a 

survey of private operators in Ontario's wood industries. 

Finally, cost data should be updated. Based on information 

from Ontario's Ministry of Natural Resources (A. Nausedas, 
personal communication), average delivered wood costs in 1982 

for Northern Ontario boreal forests were about $109 per cunit 

roundwood, or $120 per cunit in 1985 dollars (using Industry 

Product Prices for Lumber, Sawmill and Other Wood Products, 

Statistics Canada). 

Detailed cost estimates by region are not available. 

However, costs for softwood forests —— which account for most 
of the provincial roundwood production -- are similar. Costs 

for deciduous forests are somewhat higher, but their share of 

both volume and value of provincial roundwood production is 

small. The use of Northern Ontario costs, therefore, is a 

satisfactory proxy for average costs across the province 

(A. Nausedas, Ontario Ministry of Natural Resources, personal 

communication). 

Recommendation 12: It is recommended that estimates of unit 

delivered wood costs be updated to the most current 

informat ion. 

In the 1980 model, for area/species combinations where 

harvest does not equal allowable cut, forecasts of actual 
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harvest are extrapolated from annual production data for 

pulpwood, logs and bolts from Crown and patented lands for 

the period l940_1966. A rate of increase in rourdwood 

production in Ontario was estimated as 9.56% per year. The 

past growth rate used in these extrapolations act as a proxy 

for a variety of factors which determine growth in actual 

demand, including: 

• per capita demand; 

• population growth; 

economic growth; 

• technology; and 

tastes. 

Extrapolation assumes that each of the demand growth factors 

will behave in the future as they have in the past. 

The audit of the existing model identified a further concern 

with the forecast methodology. Extrapolations for forestry 

and agriculture are based on different years: agricultural 

forecasts use production statistics for 1971-1979 while 

fordstry forecasts use statistics for the period 1940-1966. 

The difference in the base years suggests that the implicit 
assumptions for future macroeconomic variables (e.g., per 

capita demand, population growth, economic growth, etc.) will 

differ for the two sectors. The production and price 

forecasts for each sector should, to the extent possible, be 

based on a set of macroeconomic assumptions which is common 

to all) sectors. 

Consistency between macroeconomic assumptions may be 

accomplished by one of two methods. First, extrapolations 

could be calculated from the same time periods for all 

sectors. However, a common basis for extrapolation does not 

consider how the future ray differ from the past. This 

drawback can be avoided by modelling demand based on 

forecasts of specific macroeconomic factors. 

The CANDIDE model, developed by the Economic Council of 

Canada, provides national forecasts of demand, output and 
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prices for agriculture and forestry. These projections take 

into account expected changes in population, employment, GNP, 

and technology. No forecasts are available for sub-sectors 

within each industry (i.e., the demand for individual 

agricultural commodities or crops are not forecast) nor are 

CAflDIDE projections disaggregated by province. 

The RIM model of Infonetrica (an Ottawa based consulting 

firm), which was developed from the original CANIDIDE model, 

can provide both national and Ontario forecasts of demand, 

output and prices for the agriculture and forestry sectors.. 

No forecasts are available for sub—sectors within each 

industry. 

RIM projections. are readily available through simulation runs 

by Informetrica; CANDIDE projections are available from the 

Economic Council of Canada. National indices of production 

and prices derived from simulation runs from either model can 

be calculated and used' as input to the MOE model. 

National growth patterns could then be modified for 

provincial specifications. Appropriate adjustments may be 

derived using provincial forecasts or parameters on 

provincial shares of economic activity from RIM or the 

Provincial Medium Ten Forecasting Model of the' Conference 
Board of Canada, or from historical data on Ontario's 

changing shares of national output (by sector). 

Recommendation 13: It is recommended that indices of future 

production for forestry be derived from output from the 

CANDIDE or RIM models. Furthermore, it is recommended that 

these national projections be adjusted to account for 

Ontario's changing share of national output, based on 

historical data or output from RIM or the Conference Board 

model. 
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Summary of Recommended Revisions 

The revised mcdel for forestry will incorporate two changes 
to the above—ground components of the 1980 model: 

A default will be introduced to collapse sensitivity 
classes. The model will maintain the capability to 
allocate tree species to three sensitivity classes, but 

these will have to be activated by the user 
(Recomendation 1!). 

The intercept on the foliar relationship 
should be adj usted so that expected foliar effects are 
cons ist!ent with the evidence; that is, no effect at pH 

less than 3.5. (Recommendation 2). 

Four revisions to the! soils component are suggested: 

The nitrogen fixation ten in the base saturation 
calculations should be dropped as it is already 
incorporated in thefl! ten dealing with change in 
potential yield '(Recommendation 3). 

• The change! in potent:!ial yield should be made a! dire!ct 
function of base saturation, instead of identifying 
changes through exchangeable calcium!! (Recommendation 4). 

• The nitrogen fertilization calculation sb!ould be updat!ed 

arid to include! nitrogen compounds other th!an just 
nitrate depositions (Recommendation 5). 

• No parameters !are! available to operate the effect of 

aluminum on tr!ee growth. When data do become available, 

a saturation level!! for the amount of!i! mobile aluminum 
should be introduced (Recommendation 6). 

The biophysical !e!ffect of aci:d deposition will be measure!d as! 

a percent change in potential forest yield. 
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In the calculations of the economic impact of acid 

deposition, the model should maintain the assumption that the 

total quantity of wood extracted will not be affected. 

However, if scientific evidence indicates significant effects 

on potential yield, this assumption should be reevaluated 

(Recommendation 7). Other modifications should: 

change annual allowable cut to maximum allowable 

depletion (Recommendations 8 and 9); 

* adjust changes in wood costs to changes in potential 
yield (vs. tree size) using output from the FORCYTE 

model, or survey data (Recommendations 10 and 11); and 

update delivered wood costs (Recommendation 12). 

Finally, the growth rate for forest production should be 

revised, based on output from CANDIDE or RIM macroeconomic 

models (Recommendation 13). 

3.4 Review of Victor and Burrell Recommendations 

3.4.1 Above Ground Effects 

There were two recommendations dealing with the direct dose— 

response of forest tree species to acid rain. The 

recommendations contained in this report more accurately 

reflect current evidence and thinking. There has been little 
or no evidence of direct foliar effects of acid rain on trees 
under conditions experienced in Ontario. 

3.4.2 Soil Effects 

The relationship between forest productivity and nutrient 

cations has been changed to include base saturation rather 

than exchangeable calcium. Unfortunately, the exact f cnn of 

the relationship is still unknown. A linear relationship has 

been proposed in the absence of evidence to the contrary. 
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3,4 • 3 Economic Valuation 

Only one recommendation on the economic valuation of forest 
impacts was documented in Victor and Burrell (1982). The 
recommendation was that "the relationship wood cost 
and, forest productivity be through econometric 
studies in which other factors are held constant". 

As discussed above, simple relationships between wood costs 
a:nd forest productivity cannot be extracted from existing 

data. A more likely approach would be to use from! 

simulation runs !Qf existing models FORCYTE) to develop 

relevant equations for the MOE model. This approach would 

require more detailed discussions between MOE representatives 
and staff re spans ible for operating the model. In 

particular, the following factors should be explored: 

• data requirements to run simulations 

• the minimum number of simulation runs needed to derive a 
reliable relationship (i.e., over of 
forest productivity) 

the cost of simulation runs 

• the stability of wood cost/forest productivity 

relationship over time. 

Discussions should include individuals familiar with timber 

harvesting operations and forest ecology in Ontario. 

3.5 Data Requirements and Availability 

3.5.1 

The following data must be assembled to operate the revised 
forestry model. The preferred disaggregation for each data 
set are noted!: 
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Data Requirement Comment Preferred Disaggregations 

1. Soils new data by region 
2. Harvest/Production 

(value, volume, & update by management unit and 
area) species 

3. Maximum Allowable 
Depletion (MAD) new data by management unit 

4. Expected Harvest 
Portion of MAD new data by management unit 

5. Delivered Wood 
Costs (by component) update by region 

6. Production & price substitute by region and species 
forecasts data 

3.5.2 Data Availability 

Soils maps prepared by Agriculture Canada can be used to 

generate all the important soil parameters for the forestry 

model, A map for southern Ontario is available now and a 

northern map will be available soon. 

Production statistics (including volume/area paired data) are 

available by management unit from the Ontario Minstry of 

Natural Resources (John Kus or Hank Van Beers, Timber Sales 

Branch). 

Maximum Allowable Depletion (MAD) values are available for 

about 60% of the +100 forest management units (contact:. John 

Kus, Ontario Ministry of Natural Resources). MAD values for 

the remaining management units will be available pending 

approval of timber management plans. 

Data on portions of MAD which are expected to be harvested 

(vs. lost to fire, pest, allocated to recreation) must be 

developed in consultation with foresters in individual forest 

management units. In the interim, the portion is set to 100% 

for all regions. 

Delivered wood costs are not available by region. Provincial 

average delivered wood costs are approximated from costs for 

Northern Ontario boreal forests, at about (1985) $120 per cunit 
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roundwood. Wood cost components and their relationship to 

changes in forest productivity need to be developed from 

simulation data from the FORCYTE model or from a survey of 

private private operators. In the interim -- using 1980 

values for shares of cost components and sensitivity to 

changes in tree size -— the cost coefficient used in the model 
should be changed from (1980)$54.33 per cunit to (1985) $57.89 

per cunit or $20444 per cubic metre. 

Detailed discussion with those responsible for the CANDIDE 

and RIM models should be undertaken to derive new provincial 

price and production forecast data (see pg. 3-21). 
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FOOTNOTES 

See Statistics 1985: A Statistical Supplement to the 
Annual Renort of theA(inister of Natural Resources for 
tht year March 1, 1985. Prepared by Ontario 
Ministry of Natural Resources. For further information, 
contact Ed. Markus, Director, Timber Sales Branch, 

2 The acceleration factor is the ratio: 

Average age of free_to_grow area [actual forest) 
Average age of free_to_grow area (normal forest) 

Where an "normal forest" is one which has an even 
distribution of equally productive areas in all age 
classes (Ontario Ministry of Natural Resources, 1986). 

The general formula is derived in Appendix B. 

The appropriate in economic valuation with 
•changes in quantity of wood extracted are outlined in 
Appendix D. 

On a more sophisticated level, Dr. H. Kimmins (UBC) 
suggested FORCYTE could be adapted to simulate the 
impacts: of acid deposition on forests, from deposition 
levels through to the effects on CAl and wood costs 
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4.0 AGRICULTURE MODEL 

4.1 Review Methodoiogy 

The in ethodology for the review of the 1980 agriculture model 
consisted of the same three tasks as: undertaken for the 

review of the 1980 forestry model; that is, an audit of the 
existing model, a workshop of scientific researchers in: the 
field of acid deposition and a review of the published 
literature. Somewhat more effort was given to the computer 

search component of the literature review than in the 
forestry section, as reviews of crop—related research had not 
been undertaken by the project team1s specialist advisors. 

4.2 Description of the 1980 Model 

The 1980 model considers the effects of acid deposition on 
agriculture through two (see Exhibit 4.1). One 

pathway models thedirect (foliar) efiect of acid the 
commercial yield of agricultural crops. These effects are 

captured in "dose responsefi relationships that relate the 
average pH of rain to a proportional change in crop yield. 
The second the ef fects of acid deposition on 
soil management. 

4.2.1 Poliar Response 

In the foliar response! or above ground component of the 1980 
model, each of the commercially crops in Ontario (as 
reported by the of Agriculture and Food:) were 
assigned to one of eight relative sensitivity groups: root 
crops, leaf crops, cole crops, tubers, legumes, fruit bulbs, 
and grains and forage grasses. The assignment was made on 
the yield change data available at the time and not on 
taxonomic relationships. For example, rutabagas and cabbage 
are both from the genus Brass ica; how!: ever, rutabagas were 
placed in the root crop category because the root the 
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EXHIBIT 4.1: 1980 AGRICULTURE MODEL 

Source: DPA Group Inc. 

C. 0; 3. ; 
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marketable part while cabbage was placed in the cole crops. 

The specific crop assignaents are as follows: 

Root crops - beets, carrots, parsnips, radishes, rutabagas 

Leaf crops — lettuce, celery, spinach, tobacco, asparagus 

Cole crops - cabbage, lower 

Tuber crop - potato 
Legumes — green beans, white beans, soybeans 

Fruit - apples, cherries, grapes, peaches, pe-ars, 

plums, raspberries, strawberries, peppers, 

cucumbers, tomatoes 

Bulbs - onions 
Grain and — wheat, oats, barley, fodder corn, sweet corn, 

Forage Greens green corn, hay, mixed grains 

The yield response data used is presented in Exhibit 4.2. 

These data were combined from experimental results (Lee et. 

al., Evans et. al., 1980; Irving and Miller, 1978; Jacobson, 

1980) to produce representative curves for each crop group. 

The broken lines in the exhibit panels show the variation 

assumed in the Monte Carlo option. 

The Victor and Burrell report (1982) outlines several 

assumptions and limitations to the model. Most of these 

relate to the extrapolation of the simulated response data to 

the field conditions that exist in Ontario. 

One major problem with the two pathway structure of the model 

is potential double-counting of fertilizer effects. 

Stimulated yields in some of the crops are: attributed to 

fertilization, yet the soils model assumes the farmer will 

reduce regular fertilization to exactly offset higher 

deposition of nitrogen and sulphur 

4.2.2 Soil Effects 

In the 1980 model, deposition consists of hydrogen, sulfate, 

nitrate, and ammonium ions. The soils model assumes that 

farmers will compensate exactly for the effects on the 
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EXHIBIT 4.2: DOSE - YIELD RESPONSE CURVES; pH OF RAINFALL AND 
YIELD OF AGRICULTURAL 

(1980 MODEL) 
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EXHIBIT 4.2: DOSE - Y IELD RESPONSE CURVES: pH OF RAINFALL AND 
YIELD OF AGRICULTURAL 

(1980 MODE 
CROPS continued 
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soil; sufficient lime will be added to the soil to neutralize 

the direct acidity of the deposition and there will be 

reductions in the amounts of fertilizer applied to account 

for the higher levels of nitrogen and sulfur in the 

precipitation. The amounts of additional lime used or 

fertilizer displaced is on an ion for ion basis; 

each hydrogen ion equivalent of acidity from the 

precipitation will be neutralized by an equivalent amount of 

lime. Similarly, each nitrogen and sulfur atom from 

precipitation is available and used to fertilize crops. 

Therefore, effects of acid deposition mediated through the 

soil do not affect crop yields; they only affect the cost of 

soil management. 

4.2.3 Economic Valuation 

Two economic impacts of acid deposition are included in the 

1980 agriculture model: 

• changes in revenues associated with changes in yield; 

and 

• changes in costs associated with changes in soil 

amendment practices. 

To estimate changes in revenue, the 1980 model includes a 

prediction of future agricultural production. These 

predictions are made by extrapolating recent growth rates 

(1971-1979) in the production of each crop through to 1990 

then reducing all the growth rates by a factor of 2 for the 

rest of the century to account for limitations on land. The 

growth rates are applied to 1979 production data, adjusted 

for geographic regions. Yield reductions are valued at 1980 

provtncial average prices. It is assumed that changes in 

yield will have only an insignificant effect on harvesting 

costs; therefore, changes in harvesting costs are not 

modelled. 

The 1980 model's calculation of changes in gross yield does not 
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reflect potential ef.fects on the quality or marketability of 
the product. Small imperfections on the surface of high 

value crops such as fruits and vegetables caused by acid 

deposition could affect prices instead of yield volumes. 

Changes in soil management costs value limestone and 

fertilizer at 1980 prices. No allowance is made for changes 
in the cost of applying limestone and/or fertilizer. 

4.3 Recommended Revisions to Agriculture Model 

The 1980 agriculture model was separated into three 

components which addressed above ground effects, soil 

management, and economic evaluation. Although this approach 
should be maintained, details of these components should be 
modified. Suggested revisions are outlined below. At the 

workshop, it was agreed that a better name for the foliar 
response component was above ground response. 

4.3.1 Above Ground Effects 

The 1980 model dealt with above ground effects by using 
different pH dose-yield response curves, for 8 different crop 
groups. These response curves were applied to the production 
of 36 individual crops allocated to eight groups (see Exhibit 
4.2). Recent studies have contradicted these results (Irving 
1983) and suggest that there is little or no consistent 
evidence that acid deposition affects crop yields. 

However, these data are variable and both negative and 

positive responses have been observed. Negative responses 
have been observed for some cultivars of soybeans. These 

varieties are not grown in Canada but, on the other hand, not 

all varieties grown here have been tested. Positive 

responses have been observed in some field crops. These 

crops are not usually fertilized and the response could come 
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from nitrogen or sulfur contained in the deposition. From 

the workshop and subsequent enquiries, we concluded there are 

little data to support systematic differences in 

sensitivities among the crop types grown in Ontario. 

Recommendation 1: A single stochastic dose—response 

relationship for all crops should be used. A review of 

dose—relationships presented in Irving (1983) forms the 

basis for this function. 

Exhibit 4.3 presents the percent change in yield as a 

consequence of pH doses measured in 15 field and 34 

controlled environment studies of a wide variety of 

agricultural crops. Exhibit 4.4 presents the same 

information, except the pH data have been rounded to the 

nearest .5 level. 

Using these data one can calculate a maximum, minimum, mean 

and variance of the change in yield, for various pH levels 

(Exhibit 4.5 below). The model should be run in a 

deterministic mode using interpolated curves through the 

minimum and maximum for the purposes of comparison with the 

mean. 

The model should also be run in a stochastic or Monte Carlo 

mode using the mean and variance estimates given below. The 

user should be able to chose the type of probability 

distribution for random variation (e.g., uniform, normal, or 

triangular). The user should also be able to specify whether 

the variation is correlated across crop types or not. 

Recommendation 2: The stochastic dose—response relationship 

should use the mean and variance estimates from Exhibit 4.5. 

The user should chose both the type of probability 

distribution for random variation and whether the variation 

is correlated across crop types or not. The default should be 

a normal distribution with correlated variations. 
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EXHIBIT 4.3: DOSE - YIELD RESPONSE CURVE 
DATA FROM IRVING (1983) 
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EXHIBIT 4.4: DOSE - YIELD RESPONSE CURVE 
(pH DATA ROUNDED TO NEAREST .5) 
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EXHIBIT 4.5: MEAN, VARIANCE, MAXIMUM AND, ML ThUM FOR DOSE- 
YIELD RESPONSE 

pH3 PH! 3.5 pH 4 pH 5.5 
Mean 101.58% 103.51% 100,16% 100.19% 
Variance 3 09% 2 17% 1 04% 0 02% 
Maximum 

I 
172 00% 172 00% 151 00% 110 00% 

Minimum 
I 

56.00% 55.00% 69.00% 100.00% 

Source: Irving (1983). 

Sugar Maples: Sugar maples yield both agricultural and 
forestry products. The effect of acid deposItion on the 
forest products is subsumed in the model. Only 
above ground effects of acid deposition are, relevant for 
agricultural production! from sugar maples. The general 
agriculture dose_response relationship for above ground 
effects for maples at this time no 
other defensible relationship exists. Sugar mapS! les are not 
fertilized as are other agricultural products whIch are 
included in the model, so changes soil amendment practices 
are not relevant. 

Recommendation 3: Add sugar maple as a crop type, subject to 

the same dose-response relationship as other crop types for 
above ground effects. SoIl management effects should he set to 
zero. 

The model for effects of deposition only. 

Ozone can also affect above ground crop productivity. These 
effects could -be added to the model by incorporating a linear 
multiplier to scale the acid deposition dose_response 
relationship or by! adding dose response relationships 
specific to ozone when they became available. 
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4,3.2 Soil Management 

The major assumption of the 1980 agricultura 1 soil S model is 
tha!t farmers will corn pensate exactly for the effects of 
deposition so as to laintain the same soil chemistry. 
Although the Ministry of Agriculture and ion 
program do provide ongoing soil analyses and advice, it is 
questionable that! all farmers will choose or wall be in a 
position to take advantage knowledge and that acid 
deposition will be exactly To estimate the degree 

to which changes in soil management practices do offset 

deposition would' require behavioural analyses which are tasks 
beyond the scope of this study. The bold assumption that 
farmers compensate exy, therefore, has to be retained for 
the time being. 

The 1980 simply calculates the amount of nitrogen and 
sulfur fertilizer replaced by deposition and the 
amount of extra lime ed to neutralize t-he hydrogen ion 
deposition. This method is acceptable additions of 
ammonium, nitrate and sulfate from soil management exceed the 
current deposition 

This assumption holds true for some fertilizers, but not for 
sulfate. Most parts of the province require 10-30 kg/ha of 
sulf ate fertilizer (Ontario Ministry of Food! Agriculture, 
personal These levels are being provided by 
current levels of acid deposition; over and above 
this level is currently added to agricultural soils only in 
the northwest region of the province (which accounts for less 

than 1% of total provincial, production). Therefore, sulfate 
deposition up to 10-30 only should be included as a 

benefit of acid deposition. sulfate deposition in excess 

of 10-30 kg/ha is not included as either a benefit (as 

requIred levels are already reached) or as a cost (as 

offsetting additives are not reeded). 
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Recoinnendation 4: Sulfate deposition up to 10-30 kg/ha (using 

20 kg/ha as a default) substitutes for sulfate fertilizer 

applications. It reduces costs and should, therefore, be 

included as a benefit of acid deposition. Sulfate deposition 

above this level should be included as neither a benefit nor 

cost of acid deposition. (Note: Additional liming 

attributed to sulfate deposition above 20 kg/ha is accounted 

for in Recommendation 5.) 

Coote et al (1986) present a model of agricultural soils that 
accounts for the acidifying effect of sulfur. The additional 

liming requirement to offset the acidifying effect can be 

calculated as follows: 

+ 
H = 2 * 504—— * [a * 1 — 

where: 
1 is the proportion leached. 

a is the proportion of leached cations that are basic. 
r is the proportion removed by plant harvest. 

In Coote's paper, estimates are presented for 1 and r for an 

Ontario research fan. These are .7 and .3 respectively. 

The parameter a is assumed to be related to base saturation (ES). 

The relationship used by Cootes is as follows: 

a = 0.026 * ES — 0.000164 352 — 0.078 for 20% c ES < 80% 

a = 0 for ES c= 20% and 

a = 1 for ES >= 80%. 

Recommendation 5: The effect of sulfate deposition accounted 

for in the liming requirements should be equal to hydrogen 

ion input plus a component for sulfate deposition. 

No changes in the treatment of nitrogen fertilizing are 

suggested. 
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4.3.3 Economic Valuation 

The combination of soil and above ground effects of acid 

deposition will result in changes in the application of lime 

and fertilizer and changes yield (production). 

Consequently, totai costs of production as well as gross 

revenues will change. The 1980 model assumes that prices 
are not affected by changes in yield or costs and calculates 

Change in economic welfare = P(Q'-Q) + (TC-TC'). 

This for:ula is a correct measure of welfare change assuming 

constant prices, This may be! shown by substituting the 

constant price assumption into the generalized formula 

P(Q'-Q) + (TC_TCI) ÷ .5(P'-?) (QIQ) 

If prices are constant, P = P', P-P' = 0 and the third term 
drops out of the generalized formtla leaving 

P(Q_Q) + (TC-TC') 

Graphically, the change iLn economic welfare is represented as 

the area BAEDC in! !Exhibit 4.6. The exhibit has been drawn to 

show a decrea-se in costs and an increase in- yield and, 

theref ore, an overall gain to economic welfare asS!! a result of 

acid depositlon. These impacts: are shown positive for two 
reasons: 

they offer a different perspective of changes:! in 

economic welfare from forestry_related impacts; and 
scientific literature suggests that several crop types, 
will, in fact, benefit from deposition. 

changes in crop yield affect prices (a. g., increased 

yields reduce market prices), the formula used in the 
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• EXHIBIT 4.6: CHANGES IN ECONOMIC 
AGRICULTURE SECTOR 
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1980 model will bias the estimate of the change in 

economic welfare due to acid deposition. The extent of the 

bias is illustrated in Exhibit 4.6. As noted above, the 

current formulation calculates the change in economic welfare 

as the area BAEDC. When price effects are taken into 

account, the change in economic welfare is shown by the area 

BAEC . In this example, P(Q'-Q) + (TC-TC) would overestimate 

the economic benefits of acid deposition by the area EDC. 

The area BAEC can be calculated using the general formula 

Change in economic welfare = P(Q'-Q) + (TC-TCfl + .5(Pt-P) (Q'-Q). 

Recommendation 6: It is recommended that the formula P(Q'-Q) 

+ (TC-TC') be replaced with the general formula tor 

estimating changes in economic welfare, to enable the user to 

take into account possible changes in market prices of 

affected agricultural products 

The following paragraphs review methods by which each 

component of the generalized formula may be estimated for 

agriculture. 

Initial Quantity and Price (Q,P) 

Initial quantities and prices can be collected from 

statistics on current production and price levels. 

Harvest Levels Adjusted for Acid Deposition (Q•) 

Acid deposition may affect agricultural yields in two ways. 

First, total harvested yield may change; second, total 

marketable yield may change. Changes in total harvested 

yield are derived from relationships. 

Marketable yield takes into consideration changes in quality 

which may affect the proportion of harvestable yield which 

can be sold at the prevailing price. 

Quality effects may be manifested either by changes in the 

actual quantity going to market or by changes in price. For 

example, tomatoes which are blemished as a result of acid 
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deposition may have to be sold at a discount price or 

withdrawn from the market completely. The magnitude and 
nature of quality effects is determined by a complex 

combination of factors, including: 

the nature and the extent of the blemish 

• demand characteristics for the product 

• marketing methods 

availabilty of unblemished product. 

Quality effects on the economic value of agricultural produce 
are highly case-specific. We know of no data or model which 
can provide a functional relationship between changes in 

quality and price/quantity sold which would be useful to the 
MOE models. Furthermore, appropriate biophysical data is not 
available 

Recommendation 7: It is not recommended that the model 
include quality impacts as adequate biophysical data and 
price relationships dO not exist. 

Changes in Total Cost (TC-TC') 

The 1980 model uses regional average soil amendment prices 
for: 

• agriculture limestone 

sulfur fertilizer 

• nitrogen fertilizer. 

Recommendation 8: It is recoimmended that soil amendment 

prices be updated to the most recent available data using 

information from the Ministry of Agriculture and Food. 

The 1980 model assumes that farmers will be fully aware of 

changing soil amendment requirements and will respond 

accordingly. As noted above, this is a bold, but necessary, 

assumption. To the extent that farmers do not adjust soil 

management practices (but, for example, apply too much 

fertilizer and too little lime) the economic values of acid 

deposition will be biased. 



4—18 

Recommendation 9: It is recommended that the current 
assumption that all farmers win adapt soil amendment 
practices perfectly be maintained. However, it should be 

noted cost savings due to acid deposition are likely to 
be overestimated or higher costs 

Modification for Changes in Consumer Surplus [.5(P'-P)(Q'-Q)] 

As discussed in Appendix B, the calculaticn of this portion 

of the change in economac welfare requires an estimate of the 
(own price) elasticity of demand in order to calculate the 
new price P'. 

The new price (Pr) is calculated from quantity change data 

(Q, Q') and the elasticity estimate (e) as: 

Percertage charge in price = percentage chanqa in 
elasticity 

A? = 

Q a 

Estimates! of consumer demand! for food commodities, Including 
estimates of elasticities for maj or food products, are 
documented in an Agriculture' Canada report (Hassan 
and Johnson, 1976) Estimated cwn price elasticities are 
given in 4.7. Of particular interest to the NOt 
model are the demand equations for ce reals and fresh 
fruits. The study also reports own price! elasticities for 
fresh vegetables drawn from a previous study. 

There are some limitations In using these elasticity 
estimates.! First, the commodity groups in the study are 

either highly aggregated or do not! correspond to the 
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EXHIBIT 4.7: PRICE ELASTICITIESa AND 
FOR 27 FOOD COMMODITIES 

EXPENDITURE PROPORTIONS 

Commodity Price 
Elasticity 

Expenditure 
Proportion 

Beef 
Pork 
Lamb 
Veal 
Chicken 
Turkey 
Fish 
Eggs 

b Cereals 
Fluid Milk 
Butter 
Cheese 
Skim Milk Powder 
Other Dairy Products 
Margarine 
Lard 
Shortening 
Salad Dressing 
Fresh Fruits 
Canned Fruits 

b Fresh Vegetables 
Canned Vegetables 
Sugar 
Beverages 
Frozen Foods 
Prepared Foods 
Miscellaneous Foods 

Notes: 

• 037434 
• 024912 
• 000844 
• 001549 
.007593 

—1.090 .002629 
—.7929 .00477 
—.1207 .007204 
—.20 .037481 
—.4390 .018682 

• 00662 
.004965 
.000587 
.006627 
• 00187 

—.4628 .000187 
—.9680 .001528 

.001174 

.012267 

.005744 

.011974 

.006328 

.001538 

.012558 
—1.0319 .003373 
—.6710 .005346 
—.1244 .009116 

a 
Price elasticities relate percent 
changes in quantity and percent 
changes in price: 

elasticity = auantity 
%A Price 

b Estimate of particular usefulness to model revisions. 

Source: Hassan and Johnson, 1976 

—.8522 
—.9547 

—1.866 
—2.593 
—.5637 

—.8583 
—.9077 
—.1924 
—.33 
—.6276 

—.927 
—.4546 
—. 7498 
—.2420 
—.3215 
—.24 
—.3726 
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specific categories included in the MOE model. The degree to 

which estimates may be aggregated or generalized requires 

further investigation. Second, the Agriculture Canada study 

does not include any non-food agricultural products such as 

tobacco. 

In summary, estimates of elasticity of demand do exist and 

can be used to estimate the impact on economic welfare due to 

acid deposition. However, considerable attention must be paid 

to matching available elasticity estimates to commodity 

groups specified in the MOE model. 

The importance of the ten, .5(P'-P) (Q'-Q), depends on price 

sensitivity of the market. Where prices are not affected by 

changes in quantity produced, this last ten is not needed. 
Conditions under which prices will likely not change include: 

institutionally controlled prices (e.g., marketing 

boards); 

small (e.g., less than 5%) changes in quantity; 

international or large markets where changes in tic 

production are small relative to total quantity produced 

(i.e., producers face a perfectly elastic demand cure). 

Recommendation 10: The user should activate price effects 

where prices are quantity sensitive by specifying an 

elasticity for each crop group. The model default should set 

.5 (P'-P) (Q'—Q) equal to zero. 

Considerations in developing forecasts of agricultural prices 

quantities in the absence of acid deposition are similar 

to those for forestry (see Section 3.3.3). In particular, an 

attempt should be made to ensure that: 

the basis on which forecasts are developed is 

cons sectors 

• forecasts incorporate projections of macroeconomic 

variables. 
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As discussed in Section 3.3.3, CANDIDE and RIM macroceonomià 

demand models provide forecasts of demand, output and prices 
for the agricultural sector in Canada. These forecasts could 

then be modified to reflect Ontario's changing share in the 
national output and further refined for specific product 

types based on changing shares of total agricultural output. 

Although this approach forsakes some species and regional 

detail, it does ensure that price and output forecasts are 

consistent across sectors and future macroeconomic trends are 
taken into account. 

Recommendation 11: It is recommended that projections of 
prices and output for the agricultural sector be accessed 

from the CANDIDE or RIM models. Modifications of growth 
trends should then be made to reflect provincial and species- 

specific changes in shares of agricultural output. The RIM 

or Conference Board models could assist in developing 

provincial specifications. 

4.3.4 Summary of Recommended Revisions 

It is suggested that maple sugars be added as a 37th crop 

type. Impacts due to acid deposition are included only in 
the above ground component, because sugar maple trees are not 
fertilized as are other agricultural crops. Soil impacts on 

sugar maple trees are embedded in the forestry model. 

(Recommendation 3). 

Revisions to the agricultural model are suggested for above 
ground and soil impacts, as well as economic valuation. For 

above ground effects, updated information does not support the 
1980 dose—response relationships. Instead, it is recommended 
that a single stochastic dose—response relationship for all 

crop types be used. The function should be based on the 

mean, variance, minimum and maximum impact values from a 

survey of dose-response relationships (Irving, 1983). The 

form of the stochastic variation (e.g., normal, uniform, 

triangular distributions) and correlation between crop types 
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should be specified by the user, with defaults built into the 

model. (Recommendations 1 & 2). 

In the soil management component, revisions relate primarily 

to the modelling of sulfate fertilizer amendments. The 1980 

model calculates the amount of sulfur fertilizer additions 

replaced by deposition on an ion by ion basis. However, 

only 10-30 kg/ha is required on most Ontario agricultural 

soils, so that only sulfate deposition up to this level 

should be included as a (beneficial) impact. Sulfate 

deposition above this level should be considered as neither a 

benefit nor a cost (Recommendation 4). 

The effect of sulfate deposition on liming requirements 

should be equal to the hydrogen ion input plus a component 

for sulfate deposition. Incremental liming required to 

offset the acidifying effect of sulfur should be calculated 

using an updated equation from Coote et. al. (1986) 

(Recommendation 5). 

Recommended revisions to the economic valuation of 

agricultural impacts are: 

incorporate price effects to capture changes in economic 

value arising from price changes (Recommendation 6). 

These effects should be activated by the user by 

specifying a price elasticity for each crop group 

(Recommendation 10). The default should set price 

effects equal to zero. 

• update soil amendment costs (i.e., fertilizer prices) to 

most recent available data (Recommendation 8). 

• amend forecasts of agricultural production in the 

absence of acid deposition with output from 

macroeconomic models to maintain consistency of future 

trends with other sectors (Recommendation 11). 
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A review of quality impacts on agricultural produce concluded 
that their valuation is highly case-specific and cannot be 
reasonably estimated. Therefore, quality impacts should not 
be incorporated into the model (Recommendation 7). It is 

also noted that farmers may not adapt soil management 
practices but that is assumption should maintained in the 

absence of better information (Recommendation 9). 

4.4 Review of Victor and Burrell Recommendations 

4.4.1 Above Ground 

Most of the Victor and Burrell recommendations involved 

improving the dose-response relationships. Since the Victor 
and Burrell (1982) report, there has been extensive research 
done in the United States on the direct effects of acid rain 

on agricultural crops. The major conclusion to be drawn from 
this research is that effects are likely small and difficult 
to detect. The changes to the model recommended in this 
report provide a mechanism to account for the effects while 
maintaining consistency with experimental results. 

4.4.2 Soil Effects 

One of the original recommendations was to account for runoff 
and seasonal effects in the transfer of nitrogen and sulfur 
deposition to agricultural soils. The exact proportion of 
the deposited material that remains and enters the 

agricultural system is still not known with great accuracy 

although an estimate of 65% of annual wet and dry deposition 
has been used by Coote and others. This proportion should be 
left to the user to set, with a default of 65%. 

Sensitivity to this parameter should be assessed when 

programming edits have been made. This recommendation is 

covered in Section 2 of this report (Recommendation 3). 
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4,4,3 Economic Valuation 

Victor and Burrefl (1982) forwards two recommendations 
relevant, to the economic valuation of agriculture-related 

of acid deposition. First, they recommend '"that the 
basic input data be refined according to the 64 req ions 
used". Suggested revisions of data input formatting and 
regional disaggregations are discussed in Section 6.0 of this 
report,. 

The second recommendation is that "the relataonshlps between 
physical damages and economic value be modified to aôcount 
for changes in market value". In this recommendation, they 
suggest that relationships between the. physical appearance of 
produce and market price be explored. As discussed above, 
thes!e! relationships are extremely complex and depend case- 
specific factors. To our knowledge, generalized 

reaatlonships between the physical appearance of produce and 
market price are not available. Furthermore, adequate 
biophysical data on quality effects, are not It is, 

therefore, recommended that the model not attempt to estimate 
changes in economic value due to quality impacts. 

4.5 Data Requirements and Availability 

4.5.1 Data Requirements 

The following data must he assembled to operate the revised 
agriculture model. The preferred disaggregations for each 
data set are noted: 

Data Requirements Comment Preferred Disaggregations 

1. Soils data by region. 
2 Fertilizer Application new data by region 
3. crop Production 

(volume, value & area) by region and crop type 
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4. Maple Sugar production new data by region 
5. Fertilizer prices 

(limestone, sulfur and update by region 
nitrogen fertilizer) 

6. Price elasticities new data by crop type/group 
7. Price and production substitute 

forecasts data by region and crop type 

4.5.2 Data Availability 

Soils data that are appropriate to this model are currently 
available from Agriculture Canada for southern Ontario. 
These soil maps are a resolution of 1:1,000,000 and contain 
275—300 polygons. Maps for northern Ontario will be available 
soon. 

Unfortunately, fertilizer application data (in volume tens) 
are not available at any level less than the provincial. 
Only a very small amount of sulfur-based fertilizer is used 
in Ontario, almost exclusively in the northwest of the 
province which accounts for less than 1% of the provincial 
value of agricultural production (T. Bates, University of 
Guelph, personal communication). There are no recommended 
sulfur use areas in Ontario, apart form the northwest 
region. 

Production data by crop type are available on a county basis 
from Statistics Canada. The Ontario Ministry of Agriculture 
and Food (OMAF) also has data at this resolution, but it 
appears to be the same information. 

Maple sugar production data are available for nine regions 
and provincial totals from OMAF. Exhibit 4.8 presents the 
most recent data. 
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Fertilizer prices should be updated. These are available at 

the provincial level from the Ontario Ministry of Agriculture 

and Food. Regional data are not available. Preliminary 

prices are : 

Agricultural limestone $5-$6 per tonne at quarry 

(CaCO3) $l5-$25 per tonne applied 

Nitrogen-based fertilizer $500-$700 per tonne at plant 

$600—$800 per tonne applied 

Sulfur-based fertilizer $35 per tonne wholesale 

Note: The retail price of sulfur-based fertilizer is 

difficult to determine as it is often sold as a mix of 

fertilizers and/or soil additives. 

Price elasticities have been estimated by Agriculture Canada 

for major food products. Based on the species disaggregations 

in the 1980 model, the following elasticities are suggested: 

Fresh fruits -.4546 

Fresh vegetables -.2420 

Cereals —.20 

Price and production forecast data should be replaced with 

data from CANDIDE or RIM (see page 4-20). Regional and 

species disaggregations are not available but could be 

derived from Statistics Canada production data. 
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EXHIBIT 4.8: MAPLE SUGAR PRODUCTION STATISTICS 

a) Value and Volume for Ontario and Canada (1978-1985) 

'000 
Ontario Canada 

b) Regional Distribution in Ontario (1984) 

Region 

Waterloo-Dufferin 
Parry Sound 
Algoma & North 
SW Ontario (Niagara) 
Central Ontario (Muskoka, 
Haliburton, Simcoe Counties) 
Renfrew County 
Peterborough 
Ottawa 
Leeds & Lanark Counties 
Miscellaneous 

Percent of Provincial Production 

12 
9 

6 

11 

15 
3 

6 

8 

20 
10 

Source: Bill Langdenburg, Ontario Ministry of Agriculture 
and Food, personal communication. 

$ mil litres millions $ Year litres millions 

1978 648 2.2 7.2 
1979 815 3.0 10.7 
1980 468 2.0 11.0 
1981 916 4.5 17.0 
1982 932 4.9 9.7 
1983 907 4.3 12.3 
1984 839 4.6 8.2 
1985 1,003 5.7 10.4 

19. 0 
32.5 
NA 

52. 0 
30.0 
38.4 
29. 6 
NA 
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POOTNOTES 

1. The change in economic welfare under constant price 
assumptions is derived as follows: 

Change in producer surplus new producer surplus 
(BPDC in Exhibit 4 6) less original producer surplus 
(APE in Exhibit 4 6) 

The net change in producer surplus is the area BAEDC. 

There is no change in consumer surplus aS it is assumed 
that prices do not change The increase in economic 
welfare, therefore, is the area BAEDC. 

it can be shown that the area BAEDC can be calculated by 
the formula P'(Q'-Q) + (TC-T'C') as follows: 

P(QI_Q) is the area QEDQ" in Exhibit 4.6 which can also 
be expressed as QHCQ' + HEDC 
(TC-TC') is represented by the areas OAEQ - OBCQ' which 
can also be expressed as OBHQ + BAEH - OBHQ - QHCQ' or 

- QHCQ'. 

Combining the two measurement components gives 
HEDC + QHCQ' 
+ BAEH QECQI or BAEDC. 

2. The change in economic welfare with changing prices is 
derived, as! follows: 

Changa is producer sur, lus 
= new producer surplus less orignial producer surplus 
= BP'C - APE (Exhibit 4.6) 

'Change in consumer surplus 
= new consumer surplus less orginial consumer surplus 

P'JC - PJE (Exhibit 4 6) 
= PtPEC 

in economic welfare 
= change in producer surplus plus change in consumer surplus 
= - APE + P'PEC 
= BAEC 

3. As discussed in Appendix B, the ten •S(P'—P) (Q1Q) 
measures the price effects where demand and supply curves 
are linear It gives an approximate measure when demand 
and supply curses are non_linear, 

4, Sources are: 

Tom Bates, Lard Resource Science Branch, University of 
Guelph. 
Jim Brown, Canadian Fertilizer Institute 
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0 HUMAN SYSTEMS MODEL 

5.1 Review Methodology 

The revlew of the human systems model was based on 
of the recent published literature, supplemented by telephone 

nteniews with key researchers and practical professional 
experience. Abstracts of technical papers and articles were 
examined to: 

• verify that the premises on which the 1980 model is 
based are correct; and 

• identify possible revisions to the approach and, where 
appropriate, to corrosion formulae used as dose_response 
relationships. 

The literature search covered nine databases, using ten key 
words: 

acid rain corrosion 

buildings asonry 

steel copper 

zinc alumInum 

weathering monuments 

The databases accessed were: Enviroline, Compendex, Metadex, 

Pollution Abstracts, NTIS, Environmental 

Bibliography, Chemical Abstracts, EPRI. 

Initially, more than 360 abstracts were reviewed whIch 

generated 39 papers of preliminary interest. Some of these 

were found to have little relevance, but others revealed 

references not previously located. Finally, over 500 
abstracts were reviewed, and 36 references used In this 
study. 
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5.2 Description of the 1980 Model 

The 1980 model proposes dose-response relationships and 
economic impact formulae for: 

concrete copper 

zinc saint 

aluminum ni:ckel. 

Model documentation also discusses historical buildings and 

structures,, and water supply systems. 

In the 1980 analytical framework for buildings materials, 

dose-response relationships are em±odied in "interaction 
values" -- which relate S02 concentrations to rates of 

corrosion. 502 concentrations are calculated from data on 

sulfate deposition. Changes in interaction values then may 
increase: maintenance and/or rates of 
replacement; the associated economic impacts are calculated 
using a model derived from Salmon (1970). This approach 
requires region_specific data on population and deposition. 
Provincial dataT are required for materials consumption 
economic life, value added and exposure factors and 

values. The specific damage for a region in 

Ontario is given by: 

D =CxLxVxExP xl 
r r r 

Where: 

D = Annual damages in. region r (1980$) r 
C = Consumption of material in Ontario in 19:79 

(1980$) 
L = Estimated economic life the material 
V = Value added factor to reflect materials value in 

place 
E = Exposure factor (I, wet deposition only) 
P = (Population in! region r)/(Ontario population) r 
I = Interaction Value (determined by SO levels in r 2 region r) 
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Dose—response relationships used in the 1980 model were 
gathered from general studies on the effects of air pollution 
on buildings and materials. Dose—response relationships 
specific to acid deposition were not available. Where no 
recent information was available for a specific material, the 
1980 model uses intreaction values in Salmon (1970). 

For historical buildings and structures the model discusses 
the use of both the value of historic structures and the 
repair and restoration costs, but concludes that the repair 
costs approach is the only practical means of assessing 
damage cost. 

For water supply systems, a proposed framework was based on 
the aggressiveness of waters and the necessary additional 
costs of water treatment. This framework requires input of 
municipal data (e.g., quantity of chemicals used, labour 
requirements, ASTM indices, capital costs) to show the trend 
towards increasing acidity before attributing treatment costs 
to the effects of acid deposition. 

5.3 Conceptual Model for Materials Impacts 

There is little doubt that atmospheric pollutants affect 
concrete and other man-made structures. In Southeast Asia, 
cracking has been found in over 200 buildings within two 
years and severe degradation within five years. The 
attributed cause is high levels of acid deposition 
(Brookhaven National Lab, 1985). 

Quantitative measurement of the effects of acid deposition on 
human systems, however, is hindered by the complexity of the 
underlying impact mechanisms. Effects depend on numerous 
factors, each of which varies with time and location. It is 

important that, prior to attempting an economic valuation of 
impacts, degradation and corrosion mechanisms are understood 
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and the defensibility of dose-response relationships 

evaluated. It is not apparent from the 1980 model that these 
two criteria have been met. 

This section reviews the major factors required in a 
conceptual model of the impact of acid deposition on 

materials. The section is intended as background information 
to guide durrent and future revisions to MOE's human systems 
model. The breadth and variability of these factors, which 
underlie the difficulties in quantifying impacts, are also 

discussed. 

5.3.1 Deposition considerations 

The literature review indicated there is little quantitative 

information relating the effects of acid deposition on 
corrosion rates of materials, particularly buildings and 
stones. For most materials, there is very little recent 
documentation of rigorous modelling, quantification of 
impacts, or methodologies for estimating corrosion costs of 
acid deposition. Available information covers expected 

general corrosion rates for various metals in urban, rural, 

industrial, and marine "environments". 

A comprehensive study (Brookhaven National Lab, 1985) 

accessed ten databases and produced only seven references 
pertaining directly to the effects of acid rain on portland 
cement concrete (PCC) structures. The study revealed "very 
little qualitative or quantitative information on the effects 
of acid deposition on PCC structures" (Brookhaven National 

Lab, 1985) * 

Some SO/corrosion formulae have been estimated. In these 

formulae, SO is a surrogate for sulfate (one of the main 

components of acid deposition). The relationship between SO 

and sulfate varies over time and location; further, SO 

includes local as well as long range sources. In using 

formulae, the model attributes a constant and, 
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therefore, somewhat arbitrary relationship between SO2 and 
sulfates. 

The second major component of acid rain is NO . Although 
x 

high levels of NO will corrode a variety of materials in the 
x 

presence of moisture, research results suggest that the low to 
moderate levels of NO (as encompassed by the range of 

x 
deposition we suggest be considered in the revised MOE model) 
are not likely to have appreciable corrosive effects (Graedel 

& Schwartz, 1977). Based on the research undertaken for this 
study, it appears that relationships between NO and 

x 
corrosion have not been estimated. 

The Victor & Burrell report (1982) notes that the 1980 model 
includes wet deposition only. The report also notes that "it 
has been suggested that dry deposition could be at least as 
great as wet deposition and that corrosion by dry deposition 
could on a unit by unit basis be greater." Although data on 
dry deposition levels in Ontario are now available, corrosion 
rates associated specifically with dry deposition have not 
yet been estimated. 

Another important consideration regarding acid depositiOn and 
related corrosion is to define the area which is exposed. 
On a concrete bridgedeck, for example, the surface will be 
covered with asphalt and the underside not exposed to direct 
deposition; on. a steel beam-supported bridgedeck, only the 
outer faces of steel (which represent only a small percentage 
of the surface area) may be exposed. To assume that total 
surface area —— or worse, total volume of steel or concrete 
in use —— is exposed would overestimate the impact of acid 
deposition. In calculating materials at risk, therefore, 

careful attention must be paid to estimating exposure factors 
-- i.e., to identifying only that area which is exposed to 
(wet or dry) deposition. 
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5.3.2 Material 

There are a nuniber of factors related to the nature of- the 

exposed in aterial itself which can affect its! sensitivity to 

acid deposition. First, the quality of the material is 

C 
!! oncrete, e - yen.. within a particular type, will 

vary by air entrainment, water to cement ratios,! additive-s, 
etc. Deterioration of reinforced structures when 
expo !5 ed to is highly dependent on the depth of 

cover!. Where !depth o!!f cover is 1/2", fracturing of surface 
concrete will occur rapidly; where depth of cover is and:! !a 

g!ood quality of used, may take many years before 

cracking begins (U.S. Department of the Interior, 1981). 

The composit ion,. and physical: o!!!f stone and masonry 
may! not only vary from structure to structure, but also 

wi-thin the same structure!. The Cologne Cathedral was! built 

using eight different stones, all o.f which exhibit 
vulner!abilities (Reader's Digest, 1986). Susceptibility to 
acid deterioration dEpends. on the type of 
stone,! its! chemical components,! pore structure and porosity. 

Material quality also depends on s!urfac!e preparation. The 
quality and :of surfac!e preparation are 
particularly important for paints, as! they: bond! 
strEngth between the substrate a!nd t!he Fox, example, a 
well prepared substrate for pa:i!nti!ng will likely! a! 

recoating life far greater than that for a poorly prepared 
s!urf ace using the same paint! (Weaver, C! 975 and ]eane, 1966). 

Where a!! surface is poorly prepared substrate metal can-! be 

exposed. Corrosion at! such locations then leads to 

undercutting and removal of paint film This process would 
occur in the absence of SO for paint!ed carbon- steel. Thus, 

it i_s exceedingly difficult !to estimate wha! t paint damage is 

caused by SO The isolated effect of SO on paint products 
could be quantified through laboratory research; how!!e!ver, 

relating th!es!e results to outdoor -- in 
particular, poorly prepared structures -- very 
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Initial exposure and climatic conditions can play an 

important role in the protection afforded by a galvanize coat 

(Stanners, 1972). When a galvanized structure is exposed to 

humidity and then dry sulfur dioxide, the corrosion rate will 

be lower than if initial exposure is to dry sulfur dioxide 

followed by humidity. Because the order of events is 

important in predicting the useful life in a given 

environment, the average values of pollution and 

meteorological conditions are not sufficient to predict 

corrosion behaviour (Stanners, 1972). 

Corrosion rates will also differ among different alloys of 

the same base metal. For example, the following table 

compares the corrosion rates of two copper alloys at the same 
test sites under the same conditions derived from 20-year 

exposure tests (American Society for Metals, 1979). 

Copper Alloy New York, NY Altoona, Pa 

Cll000 1.38 um/yr 1.40 urn/yr 
C52100 2.54 um/yr 2.24 um/yr 

Corrosion rates for these two alloys differ by 85% and 60% at 
the two sites. 

5.3.3 Atmospheric Exposure Conditions 

Atmospheric exposure conditions, such as temperature, 

structure temperature , wetness (including humidity), and 

deposition velocity affect corrosion and, consequently, acid 

deposition dose-response relationships. Low corrosion rates 

can be expected in cold, dry atmospheric conditions. 

Corrosion rates generally increase with temperature and 

wetness. 
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The length of time of wetness of structures can be estimated 

from climatic data for particular regions (e.g., for Ottawa 

the estimated wet-time is 29%). However, it is possible for 

changes in time of wetness to have unexpected effects. Less 

precipitation or time of wetness can actually increase the 

corrosion rate because there is less washing action and 

removal of pollutants. 

Generalizing average atmospheric conditions for one location 

to the Province of Ontario could be misleading, especially 

when the variety in weather patterns is taken into account. 

For example, the 1980 model uses an interaction value for 

zinc based on Ottawats average humidity of 80% for all 

regions in the province. If, however, average humidity at 

another location is only 60%, the 1980 interaction value for 

that location would be overestimated three-fold. 

5.3.4 Nature of Impacts 

The nature of the impacts of acid deposition varies by 

material, and not all impacts will be captured in estimates 

for surface corrosion rates. For some materials, secondary 

effects such as increased internal stresses can also play an 

important role in the overall dose—response relationships. 

For example, natural stone structures of sedimentary rocks, 

such as limestone and sandstone, contain calcium carbonate 

(commonly known as calcite) as a main constituent. When 

calcium carbonate is exposed to sulfuric acid, calcium 

sulfate (gypsum) is formed. The first step of calcite to 

anhydrite results in a 28% volume increase. The second step 

of anhydrite to gypsum results in a further 19% volume 

increase (World Congress on Air Quality, 1983). The severe 

internal stresses associated with such large volume changes 

often result in cracking and fracturing of the stone. 

This cracking leads to further penetration of acid solutions 

into the pore structures of the stone to which naturally 
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porous stones, such as sandstone, are very prone. The product 

of the chemical reaction, gypsum, has a soluability 

approximately 30 times that of the original constituent, 

calcite (Martin, 1981). The leaching of gypsum may further 

weaken the structure of the stone. In sandstone, where 

calcite is the bonding agent between grains of quartz, the 

loss of calcite (as it is transformed into gypsum) weakens 

the structure of the stone, leaving it more susceptible to 

natural weathering actions. 

Marble and limestone contain veins of clay minerals which 

generally have a high surface area to volume ratio and a high 

absorption capacity. Expansion of the minerals creates 

surface and internal pressures, and sulfate absorptIon 
creates further sites for stone decay (Gauri, undated). 

In natural stones, the stability of silicate materials 

exposed to atmospheric agents is determined by their ionic 

potentials and the existence of free valence near the crystal 

surface. An equilibrium reaction occurs in the natural 

environment with oxygen and water. Th:e introduction of 

acidic solutions disturbs the equilibrium and promotes 

degradation (Jenny, 1950). 

Degradation of man—made stone (e.g., concrete, brick) can 

also occur by the leaching of free lime by acidic solutions 
and the reaction between soluable components of the concrete 

and agressive solutions (Dillon, 1973). The leaching of free 

lime In concrete may not be confined to the surface (Tramper, 

1981) and can occur internally as a function of porosity. 

Furthermore, the rate of degradation may change with time. 
In concrete, for example, sulfates or sulfuric acid react 

with the tricalcium aluminate to form calcium sulfoaluminate 

hydrate which results increased internal stress levels. 

Initially, the concrete or mortar increases in strength. As 

the process continues, the concrete or mortar expands, 

cracks, and becomes progressively weaker (Kuenning, 1966). 
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For specific materials with corrosion rates which rise 

linearly with time (e.g., zinc; see American Society for 
Metals, 1979; Zinc Institute, 1971), the assumption of a 

corrosion rate for a specific humidity and sulfur dioxide 

concentration may be valid for the time period considered. 

However, for other materials the corrosion rate with time is 
parabolic (e.g., carbon steel) and wide ranges of corrosion 

rates can be found in the literature for a variety of 
materials and in some cases even the same material in the 

same location (Stanners, 1972). In some environments, the 

initial rate of corrosion can be far higher than in future 
years. The high (early) rate is due to the formation of 

initial corrosion products which act as a diffusion barrier. 
As corrosion products are formed, the rate of corrosion 

falls. Therefore, future metal loss predictions may be 

greatly overestimated, if an initial corrosion rate is used. 
If a later corrosion rate is used, no consideration will have 
been given to the higher corrosion during the initial phase 
and metal loss calculations will be underestimated. 

5.3.5 Summary 

Exhibit 5.1 summarizes factors that will affect the impact of 

acid deposition on materials. These factors should be 

included when deriving acid deposition dose—response 

relationships. Exhibit 5.1 also indicates how values for 

these factors vary and, where data are available, the effect 

modifications of these values may have on corrosion rates. 
For example, considerations of surface preparation will vary 
by structure (i.e., structure—specific data are required) and 

may affect corrosion estimates by 100%. 
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5.3.6 Options for Calculating Materials Impacts 

The prevalence of the need for structure-specific data in 
Exhibit 5.1 suggests !that of acid deposition would 
best be estimated using a component approach. The component 
approach considers damage to specific structures, not 
material categories. This approach was used by Battelle 
Columbus Laboratories (Fink et. al., 1971) to examine impacts 
of polluted atmospheres on tanks, bridges, power! 

transformers, street lighting, outdoor metal work!, chain! link 
fences, and so on. 

The steps in a component evaluation approach are1: 

(1) Screen all s!tructure types to determine those 
susceptible to damage as a result of acid deposition. 

Possible crit!eria include economic importance, 
susceptibility to corrosion, and extent of exp!!osure. 

(2) Collect data on the number! and value of susceptible 
structure types. 

(3) Determine physical damage (e.g., rates!! !of corrosion) by 
5!tructure type 

(4) Calculate the economic value of physical damage from th!e 

cost of replacing (portions! !of) the damaged structure or 

the cost of applying protective coatings more often. 

The component approach intensive data collection 
!t!o develop an inventory of strictures in place for 
each structure type and t!o deter me average v!! alues !for 

structure-specific factors noted in Exhibit! 5. 1. 

This data collection E!!f fort extends beyor!d! the scope of the 
current modelling endeavour; however, a recent study by the 
Leman Group Inc. (for the National CouncIl 
Environment Canada) 01 tlin!ed a methodology for determining 
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EXHIBIT 5.1: FACTORS AFFECTING MATERIALS DEGRADATION 

Factor Comment 

(a) Deposition Considerations 

Acid Deposition Serious lack of quantitative data 
specific to the effects of acid 
deposition (i.e., sulfates and NOX) on 
materials. 

502 used as surrogate for sulfates. 

Dry deposition Little or no quantitative data 
specific to the effects of dry sulfates 
and nitrates on materials. 

Area exposed Structure—specific data required. 

(b) Material Sensitivity 

Material quality Structure-specific data required. 

Surface preparation Structure-specific data required. (The 
quality of surface preparation could 
half the cost of recoating.) 

Initial exposure Structure-specific data required. 

Alloy Alloy—specific dose—response 
relationships required. (Corrosion 
rates for different alloys in the same 
polluted atmosphere may vary by as much 
as 85%.) 

(c) Atmospheric Exposure Location and season—specific data 
Conditions required. (Corrosion rates may differ 

three-fold.) 

(d) Nature of Impacts Dose—response relationships need to 
account for internal structural 
impacts, as well as surface corrosion. 
Susceptibility of internal impacts 
requires material—specific data. 

Non-linear impacts Material/structure age-specific data 
required. 
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and measuring the distribution of materials at risk in urban 

environments. The methodology consists of "surveying 

selected real estate properties for their entire contents and 

measuring and calculating the distribution of materials' 

surfaces exposed to acidic dry and wet deposition" (Leman, 

1986). Survey properties are selected randomly from four 

categories: low—rise residential, high—rise residential, 

industrial, and commercial/institutional. The methodology 

produces estimates of materials at risk by category, by type 

of material and on a per capita basis (Leman, 1986). 

The Leman methodology has been tested on a demonstration 

basis only. The report recommends that a Pilot Study be 

undertaken. Should the results of a pilot study be 

encouraging, this methodology may provide an important step 

toward the component approach. 

The material category approach estimates impacts by type of 

material, regardless of use. Unlike the component approach, 

the material category approach abstracts from structure- 

specific variability and, in so doing, introduces errors into 

the damage estimates. To avoid additional, potentially 

serious errors, corrosion formulae used in the material 

category approach should, to the extent possible, be 

specified by: 

metal alloy; 

wet and dry deposition; 
• atmospheric conditions, such as humidity, wet times, 

temperature; and 

• susceptibility to acid-induced internal stresses. 

5,. 4 Recommended Revisions to Materials Component 

The materials component in the 1980 model falls short of the 

material category approach described above and has embedded 
in it errors arising from: 

generalization over metal alloys, atmospheric 

conditions, and susceptibility to internal stresses; 
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• exclusion of dry deposition effects; 

• corrosion rates used for zinc, aluminum, and copper; 

• exclusion of steel as a material at risk; and 

• generalization of impacts on alkyd to all paint types. 

However, the literature review undertaken for this study 

clearly indicates that quantitative information required to 

amend these shortcomings is not currently available: 

corrosion rates are generalized over many factors and rates 

specific to acid deposition (instead of SO) are not 

available. 

It is the consultant's opinion that, even using the most 

recent information available from the review, any 

estimates of material damage attributable to acid deposition 

may err by up to an order of magnitude. One option available 

to MOE is to postpone estimation of materials effects, to 

continue to monitor the scientific literature for more 

appropriate corrosion formulae, sponsor field studies for 

Ontario, and to follow developments in methodologies for 

estimating materials at risk (e.g., Leman, 1985), 

Recommendation 1: MOE should proceed with the 1980 material 

category approach using available corrosion formulae for 

dose—response relationships. However, damage estimates and 

conclusions should be couched in. appropriate terms of 

uncertainty. MOE should also monitor and, to the extent 

possible, contribute to the development of methodologies for 

estimating materials at risk and Ontario—specific corrosion 

formulae. 

5.4.1 Physical Effects 

Specific revisions to the 1980 corrosion formulae are 

discussed below. 

In the 1980 model, deposition of sulfates is converted to an 

'equivalent' concentration of sulfur dioxide to allow the use 

of available SO/corrosion formulae: "An 'equivalent' 
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concentration of SO2 represents the concentration of 502 
which would produce an annual deposition (as Sulphur) at a 

material surface equivalent to the deposition of sulphur (as 

Sulphate) by acid precipitation" (Victor and Burrell, 1982). 

The computer code for the 1980 model in fact relates hydrogen 

ion concentrations to SO using a parameter value of 0.1143. 

As noted above (see sectLn 5.3.1), the appropriate parameter 

value may vary by time and location. Any single value 

should, therefore, be considered a rough approximation. 

Recommendation 2: It is recommended that the model relate 
+ sulfate (not H 

) 
to SO and that the user specify the 

conversion factor. If desired, a default value based on 

equivalent atomic weights can be input. 

As discussed above, the effects of dry deposition may be 

similar, if not more serious than those of wet deposition and 
should, therefore, be taken into account in the material 

damage estimates. In the 1980 model, the interaction value 

is reduced to 40% of its original level. This is done to 

reflect the fact that sulfates in acid rain (i.e., wet 

deposition) are likely to be in contact with materials for 

shorter time than airborne pollutants (i.e., dry deposition) 

(Victor and Burrell, 1982). To include the effects of dry 

deposition, this adjustment should be deleted. 

Recommendation 3: Include the effects of dry deposition by 
eliminating adjustments to interaction values. 

Corrosion rates are affected synergistically by SO and 

temperature, time of wetness, etc. However, it is not 

advisable to attempt to estimate corrosion on a seasonal 

basis. Reported data and formulae are invariably in the form 

of mils per year (mpy) or micrometres per year (um/yr) which 

gives the average for the year from which seasonal 

interaction values cannot be derived. 
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No new formulae for the effects of acid deposition on marble, 

concrete, and aluminum were Identified. 

Recommendation 4: The 1980 corrosion formulae for concrete, 

marble and aluminum should be maintained because no new 

information is available. 

No new data or formulae were identified for paints. In 

particular, no information is available to differentiate the 
effects of acid deposition (or SO as a surrogate) on 

different types of paints. The 1980 model applies the 

corrosion rate for alkyds to all paint types, a 

generalization which may introduce more serious errors than 
generalizing across different alloys of one base metal. 

The reasoning upon which the 1980 interaction value is based 

also introduces errors. The 1980 model uses a corrosion rate 
3 

of 2 urn/year with SO levels of 60 ug/m to determine 

repainting time. In fact, repainting is determined by both 
corrosion and aesthetics. Paint breaks down in local patches 

and surfaces are generally repainted when local patches 

account for 20% or more of the surface, not necessarily when 

the entire painted surface has disintegrated -- as assumed in 
the 1980 model. 

In summary, it should be recognized that estimates for damage 

to paints are particularly subject to error because the 

methodology assumes that one corrosion rate is applicable for 

all paint types and that repainting occurs after total 

surface corrosion; furthermore, they do not consider the 

quality of surface preparation. Lack of better information, 

however, precludes any improvements to the 1980 interaction 

value. 

Information collected through the literature review and 

interviews did provide an opportunity to evaluate the list of 
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materials included in the 1980 model and to compare corrosion 

formulae for zinc. The following recomrrendations are- based 

on this information. 

Although it has been reported that nickel and 

products corrode more quickly in high than in low SO 

atmospheres (Herdriksen and Haagenrud, 1981), the corrosion 

rate- is significantly lower than for other metals. Overall, 

nickel has shown "excellent resistance to corrosion in rural, 

industrial and marine atmospheres" (American Society of 

Metals, 1979). 

Recommendation 5: It is recommended that nickel be excluded 

from the model because data indicate it is not significantly 

affected by acid deposition. 

The 1980 model does not include steel as a material at risk 

to acid deposition degradation. Although stainless steels 

perform well in polluted environments (Hendriksen and 

1981), both carbon and weathering steels are 

sensitive to pollutants, including acid deposition and high 

levels of SO. These two types of steel are widely used and 

should be included in the MOE model. The effects of acid 

deposition on carbon and weathering steels are described 

below. 

a) Carbon Steel 

Carbon steels have low corrosion resistance due to the 

limited protection afforded by the surface films formed on 

exposure to the environment. In non—polluted atmospheres, 

rust films carbon steel are composed of two layers 

(Mattsson, 1982): the layer adjacent to the steel is a dense 

composite of FeOOH with some crystalline Fe304; the outer 

layer consists of a loose mixture of alpha FeOOH and gamma 

FeOOH. Although these corrosion products offer some 

protection, they are susceptible to acid dissolution and 

diffusion of pollutants. In a study in which corrosion rates 

of carbon steel in eight major cities investigated 
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(Haynie, 1974), the parabolic relatlonship between corrosion 
rate and time was shown to increase with increasing sulfur 
dioxide concentration. 

Corrosion rates for carbon steel vary from location to 
location. The following table (Krause, 1975) gives an idea 
of rates to be expected: 

Location Mean Corrosion Rate (urn/yr) 

Rural 4 to 65 

Urban 23 to 71 

Industrial 26 to 175 

Marine 26 to 104 

The corrosion rate of carbon steel has been related to the 

time of wetness, surface temperature, sulfur dioxide 

concentration, and chloride count (Stanners, 1972). Of 

interest is the apparent effect of temperature. Studies in 

Moscow (Stanners, 1972) corrosion rates are higher at 

low temperatures —- which is contrary to most The 

explanation relates to the increased sulfur dioxide 

concentration in the atmosphere in winter months (Stanners, 

1972). More use of heating fuels and increased loads on 

hydro generating facilities more atmospheric 

pollutants. 

Corrosion by polluted atmospheres can involve a variety of 

reactions: 

Rust films formed on carbon steel can be less protective 

due to the incorporation of pollutants in the film 

(Nriagu, 1978). 

Rust can actually cata lyse the reaction of sulfur 
dioxide to sulfate. (Barton, et. al., 1972) 
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• The incorporation of particulate matter in the surface 
film can increase hygroscopic properties, allowing for 
increased water retention, increased acid content, 

greater permeability, and longer surface wetness time. 

• Surface films are susceptible to increased soluability 
in acidic environments and corrosion is related to the 
diffusion of active agents through the film. 

Of particular note is that low concentrations of some gaseous 
hydrocarbons in polluted environments can inhibit the 
corrosion of carbon steel (Arshadi, et. al. 1983). Isobutane 
in low concentrations reduces the corrosion rate of carbon 
steel, but in high concentrations causes the rate to 
increase. 

Coating carbon steel structures after corrosion has occured 
can be difficult. For good adhesion, the surface must be 
clean. Dry blasting does not always remove chemical salt 
residues (e.g., chlorides, sulfates) and coating over the 
residues leads to breakdown of the coating (Calabrese and 
Allan, 1978) . Wet blasting has been found to be effective 
in removing a variety of chemical salt residues, but is 

expensive. In practice, carbon steel structures are cleaned 
as far as economics and climatic conditions allow. Because 
salt residues are often left on the steel, maintenance 
coatings occur frequently. 

b) Weathering Steel 

Weathering steels are low alloy carbon steels containing 
small additions of copper, nickel, chromium, phosphorous, 
silicon, and manganese. These steels are now used on many 
structures as a means of circumventing the costs of coating 
carbon steel and still maintaining structural integrity. The 
effect of atmospheric pollutants on these types of steels is 

very important as no coating is applied as a primary barrier 
between the metal and the atmospheric environment. In rural 

and some urban areas, the initial surface corrosion that 
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occurs would provide a more protective film than on plain 

carbon steels. In polluted atmospheric environments, 

however, the lack of a primary barrier causes higher rates 

for weathering steels. 

The following corrosion rates are from controlled environment 

testing (Haynie, et. al., 1975), and can be used for 

comparative purposes: 

Atmosphere Average Corrosion Rate urn/yr 

Clean Air 1 to 86 

Polluted 84 to 762 

Factors contributing to the differences in these rates are 

the sulfur dioxide level, relative humidity, and 

temperature. 

The effectiveness of weathering steels against pollutants is 

based on the protective characteristics of the rust layer 

formed during initial exposure. Where the sulfur dioxide 

level is high and wet conditions often prevail, the corrosion 

rates of weathering steels can be the same as for carbon 

steel (Mattsson, 1982). In these cases, the atmospheric 

pollutants neutralize the benefits of using weathering steel 

and other protective measures should be used. 

Recommendation 6: It is recommended that carbon and 

weathering steels be added to the set of materials for which 

damage is estimated. 

Corrosion formulae relevant to steel are presented in Exhibit 

5.2. These formulae were reviewed for appropriateness to the 

MOE model. All formulae use SO as a proxy for sulfate 

deposition. As noted above, this approximation can, under 

some circumstances, be very rough. However, no formulae 

relating corrosion to sulfate are available. Furthermore, 

available corrosion formulae are not specified for carbon and 

weathering steels. 
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REFERENCE 

= + (0.0206 SO2)t 
where Y is thickness toss in us 

where $02 is annual average3SO2 

concent rat i on in ug/m 

where t is time of exposure in years 
[see Note bi 

- 0.00161 502 
V = 9.013 e (4.768t) 

where 03 is the average concentration 

of 03 in ug/m 

where other parameters as in Ci) 

K = 1.54 502 + 2.34 DPREC + 0.05H+ - 

where K is monthly corrosion rate (gin ) 

where 502 is concentration of 502 in air (ug/m 

where DPREC is days with precipitation 

where H+ is concentration of strong acid in 

precipitation (u-equivH+) 

(1982) reporting 

Upham (1967) 

Stankunas, et. at 

(1982) reporting 

Haynie & Upham 

(1971) carbon steel 

Sherwood (1984) 

reporting 

Sirbenes et. al. 

(1982) 

(iv) Tokyo (1 month) 

o = (-1.63 0.028H + 0.066R + 0.08351)t 
where 0 is corrosion (us) 
where H is relative hunidity (%) 

where R is rainfall (smi per day) 
2 

where Si is $02 collected on PW2 (mg/Si per day) 
where t is elapsed time (days) 

(v) Moscow (2 months, 1 year) 

0 = (0.062 
whereQ is 

where T is 

where 52 

where t is 
where W is 

where P is 

where a is 

where b is 

(vi) Sheffield (1 year) 

Stanners (1972) 

reporting 

Otsa, et. al. (1965) 

+ 0.01ST + 0.025S2 # 0.0031T*52)t*W*P*a*b 

corrosion (uli) 
0 

tesoerature C C) 
3 

502 in moisture fiLm (mg per m ) 

time of exposure in years 
time of wetness/elapsed time 
rust coefficient (see Golubur & Kadyrov, 1967) 

aspect coefficient (see Golubur & Kadyrov, 1967) 

shelter coefficient (see Golubur & Kadyrov, 1967) 

0 = (0.035 
where 0 is 

where S is 

where t is 

÷ 0.TOS)t 

corrosion (us) 
502 in air (mg/us 

elapsed time 

Stanners (1972) 
reporting 
Tomashov (1966) 

Ci) 

(ii) 

(iii) 

Stankunas, et. al 

0.7512-0.00582(03) 

Stanners (1972) 

reporting 
Golubev & Kadyrov 

(1967) 

-- continued 
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REFERENCE 

(vii) Ottawa (1 month) 

Q = (0.068 + 1.165w + O.OO3BTw - 0.00051w 

+ 0.24 W + 

where Q is corrosion (un) 

where Sw & 1w relate to wet-tine measurements 

(see Mote ci 

where W is time of wetness/elapsed time 

where t is time of exposure in years 

Stanners (19Th) 

reporting 

Guttman & Sereda 

(1968) 

months) 
2 

Q 2.07 + 39.15w + 0.091w- 0.0181w 

0.34rW - 0.0006t 'w 
where parameters as in (vii) 

Stanners (1972) 
reporting 
Guttman & Sereda 

(1968) 

Stanners (1972) 

reporting 
Guttman & Sereda 

(1968) 

a Equations below were not specified by steel alloy in the references. As discussed in the text, 

alLoying metals can effect variations in corrosion rates. Dose-response relationships are only 

available for 802 as a proxy for the sulfate conoonent of acid deposition. 

b. Upham studied the corrosion of mild steel in two US areas (St. Louis and Chicago), and 

reported several damage functions for the corrosion rate as a function of the sulfation 

rate or suLfur dioxide concentration. Different damage functions were reported for each 

urban area, for each 802 concentration averaging time with each length of exposure. 

Stankunas, et. al. (1982) selected this linear function for analysis. 

c. Wet-time measurements are taken during 

can vary from those taken 

air in ug/m and 1w is the ambient air 

times of high humidity or during precipitation. These 

during "dry" times. Sw is the 502 concentration in the 

in degrees Celsius. 

(viii) Ottawa 

(ix) Ottawa (1-18 months) 

Q = 0.63 (Sw + 

where parameters as in (vii) 

Notes: 
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Numerous formulae ((ii), (iii), (iv) and (v)) were excluded 
from consideration because they require data which are not 
readily available (i.e., rust, aspect and shelter 
coefficients); nor were they supported empirically (i.e., 

corrosion rates calculated using these equations did not 
correlate with actual field data). 

For other formulae, data are available but comparison with 
Ontario experience (i.e., actual corrosion rates for steel in 
Ottawa; see Zinc Institute, 1971, pp. 48-49) cast some doubt 
on their validity. For example: 

formulae (i) and (vi) yield low corrosion estimates; and 
formula (viii) changes very little with SO in the 
range of 20 to 80 ug/m , nor does the rate of change 
with temperature appear correct. 

Formulae (vii) and (ix) provide reasonable estimates 
compared with observed Ontario experience in separate ranges 
of $02 levels. Formula (vii), which is based on 1 month 
data for Ottawa yields the best available corrosion estimates 
for SO2 levels of 80 ug/m or greater. Formula (ix), which 
is based on 1-18 month data for Ottawa yields the best 
estimates when SO2 levels are 40 um/m or less. 

Recommendation 7: It is recommended that both of the 
following formulae be used in the revised model to estimate 
acid deposition effects on steel: 

2 
(a) Q = (0.068 + 1.165w + 0.0038 Tw — 0,0005 Tw + 0.24 W + 

0.016 W*Tw)t 
0.706 

(b) Q = 0.63 (Sw + l.78)t*W 

where Q = corrosion (um) 

Sw and Tw are wet-time measurements for SO 
2 

concentration and temperature 

W = time of wetness/elapsed time 
t = time of exposure in years. 
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[Equations (vii) and (ix), respectively, in Exhibit 5.2 from 
Guttman and Sereda (1968) in Stanners (1972).] 

3 
Where SO deposition is 40 ug/m or less, damage estimates 
should be based on the first equation; where deposition is 80 

ug/m greater, the second equation should be used; and a 

straight average of estimates from the two equations should 
apply for intermediate levels of SO deposition. 

As described in Section 5.2, the 1980 model uses interaction 
values calculated from corrosion formulae. The interaction 
values associated with equations (a) and(b) are (1.84 

+ x 10 and (3.9 + 2.250) x 10 , respectively. 
These new values should be input to the computer code to 
replace the 1980 values. 

The final suggested amendment to the 1980 model concerns 
impacts on zinc. Corrosion estimates using the 1980 model's 
data (formula (iv) in Exhibit 5.3) were compared with 
observed corrosion rates. The 1980 estimate was 
significantly lower than observed rates and gave an 
unrealistic corrosion rate (of zero) when SO levels were set 

2 
at zero. 

Formulae (i) and (iii) in Exhibit 5.3 yield corrosion 
estimates much closer to observed values. The two formulae 
follow each other fairly well except at very high SO levels 
where the accuracy of the third formula becomes questionable. 

The zinc formula (ii) in Exhibit 5.3 is very dependent on 
temperature. At lower (higher) temperatures, corrosion rates 
appear unrealistically low (high). 

Recommendation 8: After reviewing available corrosion 

formulae, the 1980 formula on which the interaction value for 
zinc is based be replaced with: 

Y = (2.4 + 0.045 S0)tw 
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FORMULA NO. CORROSION FORMULA 
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REFERENCE 

Y = (26 + 0.045 SO2)tw 

where Y is thickness toss in un 
where tw is time of in years 

is annuat average3SO2 
concentration in ug/m 

Y (0.187 $02 exp (41.85 - (23240/R*Tfltw 
where R is the gas constant 

(1.9872 catfg-mote) 
0 

T is the tecrperature in K 

exp (x) refers to mathematicaL term 
'e to the exponent x" where e 2.71828 

where other parameters as in (ii) 

V 0.02468 tw 0.8152 ($02 + 75.69) 
where parameters as in Ci) 

V = 0.001028 (H 48.8)5 
where V is thickness toss! in un 
where H is average reLative hunidity (%) 
where S is average $02 concentration 

in ug/un 

Stankunas, etat 
(1982) reporting 
Haynie, chain tink 
fencing (1980) 

Stankunas, et. at 
(1982) reporting 
Haynie (1976) 

Sankunas, et.at. 
(1982) reporting 
Guttman (1968) 

Hayn ie & Upman 

(1970) in Victor 
& BurretL (1982) 

(i) 

(ii) 

(iii) 

(iv) 

where 

where 
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where Y = thickness of loss in urn 

tw = time of wetness in years 
SO = annual average SO concentration in ug/m 

[Haynie, 1980 in Stankunas et. al, 1982] 

The interaction value associated with this (revised) formula 
—3 is (371.2 + 6.96 SO 

) x 10 for wet deposition and (92.8 + 
—4 2 6 

1.73 SO2) x 10 for wet and dry deposition. 

5.4.2 Economic Valuation 

Physical effects of acid deposition on materials have four 

different economic impacts: 

increased maintenance requirements; 

increased replacement requirements; 

decreased utility (e.g., soiling and visual aesthetics); 

and 

replacement of original material with more costly 

substitutes. 

Conceptually, the economic valuation methodology should 

incorporate each type of impact. The methodology should 

calculate the present value difference in the cost of using a 

material with and without acid deposition, including a factor 

for amenity costs (e.g., unsightliness). The methodology 

should take into account differences in uses for each 

material. Furthermore, the operative economic impact (i.e., 

the impact which defines human response) will differ by 

material and end use, as well as by the nature and extent of 

physical effects of acid deposition. For example, soiling of 

painted services may not be important in industrial 

environments, as it is in commercial environments. The 

paint's ability to protect industrial equipment may, however, 

necessitate more frequent repainting (replacement) or 

substitution for alternate, more costly protection. 
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These methodological ingredients again suggest a component 

approach to estimating impacts of acid deposition on 

materials; by identifying individual structures and, 

therefore, end uses for individual materials, expected 

economic life, operative economic impact, exposure factors, 

etc. can be more accurately determined. As discussed, 

however, the data collection effort required to support the 

component approach is outside the scope of the current 

modelling effort. 

The valuation methodology used in the 1980 model, derived 

from Salmon (1970), calculates: 

D =CxLxVxExI xP 
r r r 

Where: 

D = Annual damages in region r (1980$) 
r 
C = Consumption of material in Ontario in 1979 (1980$) 

L = Estimated economic life of the material 
V = Value added factor to reflect material's value in 

place 

E = Exposure factor (%) 

P = (Population in region r)/(Ontario population) 
r 

I = Interaction Value 
r 

The ten (C x L x V) yields the total value of the stock of 

material in place in the province. Applying a population 

factor (P 
) 

distributes this stock by region. The value of 
r 

the regional stock which is exposed to acid deposition (i.e., 

the value of materials at risk) is calculated using the 

exposure factor (E) which is defined by material. Finally, 

the interaction value (I ), which is defined by SO (as a 
r 2 

proxy for acid deposition) levels and, hence, by region, 

yields the "average fractional loss of useful life per year" 

(Victor and Burrell 1982). The total economic impact of acid 
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deposition on buildings and structures in Ontario is 

calculated as the sum of damages over all regions and all 

materials examined. 

Of the four economic impacts of acid deposition noted above, 

the 1980 model addresses increased maintenance and 

replacement costs only. Although a partial analysis, the 

following considerations suggest that the approach is 

reasonable. First, dose—response relationships for soiling 

are lacking. Second, the amount people are willing to spend 

on higher cleaning bills may fall short of that necessary to 

counteract increased soiling; people may accept soiled 

surfaces. In these cases, the economic cost of acid 

deposition cannot be directly linked with changes in the rate 

of soiling. Thirdly, detailed material and use (structure) 

data is required to identify where substitution of materials 

would be appropriate and material performance specifications 

are needed to identify the next best alternative material for 

each use. 

The methodological framework used in the 1980 model is 

essentially sound. It takes into account the value of 

materials at risk, accounting for exposure and value added 

factors and regionalizes estimates both by the volume of 

materials in place (using population ratios) and (a proxy 

for) acid deposition levels. Finally, the sophistication and 

data requirements of the 1980 economic valuation methodology 

are commensurate with the availability and reliability of 

scientific data and knowledge. 

Recommendation 9: The current structure of the economic 
valuation methodology should be maintained: however, it 

should be noted that the exclusion of soiling 

substitution impacts will ceteris paribus underestimate the 

economic cost of materials damage. 

Victor and Burrell (1982) notes several limitations with the 

specifics of the economic valuation of impacts. The 

recommendations documented below address some of these 

limitations. 
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First, consumption data should be Consumption 
rather than production data should be used where possible as 
they exclude inventories and more closely reflect materials 
in use. Consumption data should exclude exports from and 

include imports to Ontario. The use of a single year 

estimate for consumption could introduce errors to the 

calculation if the base r represents unusual economic 

conditions. Instead, consumption data should be averaged 

over a number of years (e.g., 1978—1984). 

Recommendation 10: Consumption data should be updated. It 

should be based on consumption (versus production) data when 

possible and averaged over a number of years. 

Victor and Burrell (1982) notes that current sales will, 

"only under special circumstances (e.g., a steady state 

economy) ... accurately capture the desired consumption 
quantity". The approach used in the 1980 model implicitly 

assumes that the inventory of materials at risk remains 

constant over time. In other models in this study 

agriculture forestry), an attempt has been made to 

introduce dynamic and consistent forecasts of resources at 

risk. The forecasting task is more difficult for materials 

because in any year accounts for both replacement 
and additions to the material stock. 

On an aggregate level, however, one can expect some growthS in 
the building stock (ij. e., in the inventory of materials at 
risk). Depending on the material and its end use, growth may 

be related to change in GNP, investment, population, or the 

rate of urbanization. Forecasts of materials consumption 

should incorporate a growth factor equal to either the 
population growth rate or the expected growth rate for GNP. 

Although the population growth may in some years 

underestimate the growth in materials stock, it yields a 

steadier expansion and avoids problems associated with 
negative growth (recessionary) years. 
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Reconuuendation 11: It is recommended that the stock of 

materials at risk grow at the population growth rate. 

Victor and Burrell (1982) question Salmon's (1970) premise that 

a decrease in a material's physical life will be fully felt as 

a reduction in its economic life. For example, a variety of 

factors may determine that a building needs to be repainted 

once every four years. Acid deposition related corrosion may 

not accelerate deterioration to the extent that this standard 

maintenance would be changed. 

Although a valid concern, overcoming this limitation would 

require information on specific end uses, materials, and 

maintenance decisions. This micro—level of decision making 

is not possible within the budget for the MOE Model Review 

nor is it practical given the overall error inherent in the 

physical damage estimates. The assumption that a change in 

physical life will be fully felt as a change in economic life 

should, therefore, be maintained but it should be recognized 

that this assumption may overestimate the value of economic 

impacts. 

The 1980 model uses economic life values drawn directly from 

Salmon (1970). These estimates are in turn based on US 

Treasury (Internal Revenue Service) rules and guidelines on 

depreciation. The values used, therefore, are more likely to 

represent accounting or book life rather than economic or 

service life. Limited information on hand suggests there are 

discrepancies between different data sources — discrepancies 
which become multiplicative in the calculation of economic 

impacts. For example, the OECD (1981) assumes the service 

life of galvanized materials to be about 25 years, as opposed 

to the 36 years assumed by Salmon. Corresponding values for 

paint are 10 years and four years. Values for economic life 

may be updated and adapted to the Canadian (Ontario) 

situation by verifying Salmon's assumptions with material 

experts in Canada. 
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Recommendation 12: It is recommended that the economic life 

values used from Salmon (1970) be verified with Canadian 

materials experts. 

Exposure factors used in the 1980 model are adopted 

from Salmon (1970). Neither reference nor methodology for 

calculation of these exposure factors were provided in the 

original report, so it is difficult to evaluate their 

validity. The situation is similar for assumptions regarding 

the thickness of materials. Victor and Burrell (1982) 

suggest that would be useful to attempt to establish, 

perhaps through sample investigation of the built 

environment, some empirically derived exposure factor 

estimate" for Ontario. 

Although a commendable course of action, such empirically 

derived exposure factors are not likely to be available in the 
short_ten. In the long-ten, budget and time be 

allocated to develop such estimates based on a survey 
methodology such as that by the Leman Group Inc 
(1985). In the near future, some effort may be spent on 

verifying the 1980 exposure factors through interviews with 

material experts. 

13: Until exposure factors 

for Ontario can be derived, it is recommended that the 1980 

exposure factors be reviewed and verified by material 

experts. 

The 1980 model regionalizes the stock of materials at risk 

based on population ratios. 

Recommendation 14: Population data and population ratios 

should be updated to the most recent available infonnation. 

Victor and Burrell (1982) point out that Salmon's labour or 

value-added factors do not consider the value of service 

rendered by the materials. The authors discuss the 
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of small nickel plated computer components which could have 
economic costs many orders of magnitude greater than their 
market price. The "value in service" cost of acid deposition 
may be calculated as: 

Change in number of failures x cost per failure 

Calculation of this cost would require the following steps: 
• develop an inventory of possible failure incidences, 
including the degree of exposure to acid deposition; 

• screen the inventory to identify important failure 
incidences, based on criteria such as likelihood of 
failure, population of possible incidences, magnitude of 
failure (cost, disruption), possible safeguards; 

• on a case study basis, identify the nature and cost of 
failure (including the cost of downtime, repair or 
replacement, value of loss output); 

• estimate the current level of failure incidences; 
determine effective acid deposition including: 

- the degree of exposure to acid deposition 
- the extent and effectiveness of safeguards 

against failure 

- changes in behaviour (e.g., more frequent 

maintenance, more extensive safeguards and warning 
systems). 

• calculate the new level of failure incidents related to 
a given rate of corrosion or acid deposition; 
extrapolate case study results to provincial totals. 

Although feasible, we suggest in service valuation of the 
economic impacts of acid deposition not be incorporated in 
the MOE model. Given the overview nature of the model, in 

service valuation requires very costly and time consuming 
data collection efforts, and even with such an initiative, 
would produce only partial results. 

Furthermore, in service valuation may not have a significant 
effect on overall economic impacts of acid deposition. For 
example, significant safeguards, warning systems, and 
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operating contingencies are likely to accompany uses of any 

material whose failure would result significant mechanical 

or economic damage. In these circumstances, the economic 

cost of acid deposition is not the cost associated with 

failure but that associated with using or changing 

safeguards. 

Recommendation 15: It is ended that in—service 

valuation not be incorporated in the calculation of economic 
impacts of materials damaged. 

5.5 Water Supply Systems 

The level of acidity (pH) of water can have three possible 

impacts on water supply systems. First, low pH levels (e.g., 

below 6.5) increase reaction of water with piping system 

materials which releases small quantities of chemicals 

harmful to human health (e.g., lead, copper, asbestos). 

Second, corrosion rates may increase, thereby shortening the 

useful life of the water distribution system. Both these 

impacts were noted in Victor and Burrell (1982). 

The third may be beneficial: at high pH (of about 9), 

calcium carbonate comes out of solution and tends to coat the 

internal surfaces of the pipes. This coating is referred to 

as In areas of high natural pH, acid deposition may 

acidify natural water supplies and mitigate the scaling 

problem, thereby reducing pipe cleaning and pumping 

costs. 

The economic implications of acid deposition on water supply 

systems depend on how or whether water would be treated to 
offset the effects of acid deposition. 
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5.5.1 Municipal Water Supply Systems 

Municipal water supply systems are designed to deliver 

potable, acceptable (e.g., in tens of taste) water to the 

public. In many municipalities, surface water requires 

treatment before it is distributed. Typically, the intake or 

"raw" water is disinfected by cholorination, undesirable 

chemicals or particulates are removed by adding a coagulant 

(a process called hydrolysis), and the water is pH—adjusted 

to reduce corrosive effects on pipes (Gary Martin, Drinking 

Water Section, MOE, personal communication). 

In the chlorination process, either gaseous chlorine is 

injected into the water flow, or sodium hypochlorite (NaHOC1) 

is added. These disinfection methods are more efficient at 

lower pH levels. Where new raw water pH is not low enough, 

disinfection is coordinated with other parts of the treatment 

process which lower pH (e.g., hydrolysis). 

Hydrolysis of water involves adding a coagulant to remove 

undesirable particulates. Alum (A12 (SO4)3), ferric chloride 

(FeC13) or polyaluminum chloride are used as coagulants, but 
alum is most common. These chemicals are most effective when 
the pH of the water lies within a specific range. While not 

exact, the following ranges of pH are best for these 

coagulants: 

Coagulant Preferred pH Range 

Fe C13 5.5—7.0 or 9.0—11.0 
A12 (SO4)3 5.5—6.5 
polyal. chloride 6.0—8.0 

If intake water pH is below the preferred range, alkaline 

chemicals are added, In general, high pH intake water is not 

problematic as the three coagulants cover the full range of 

likely pH levels. The addition of coagulants sometimes 

lowers water pH. 
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The final process for treatment sytems adjusts the pH of the 

water before it enters the ion system. As outlined 

above, low tends to corrode pipes, while high pH levels 
cause mineral salts (i.e., calcium carbonate) to coat and 

constrict pipes. Because the addition of coagulants 
sometImes reduces pH, water pH may have to be raised to 
acceptable levels. The chemicals used for this adjustment 

are soda ash (Na2CO3), sodium bicarbonate (NaHCO3) or lime 

hydrate (Ca(OH)2). Soda ash is the most common chemical 

used. An acceptable range for treated water is 6.5 < pH < 

8.5, with a typical level of 7.5 (A. Vajdic, MOE, personal 

communication) .8 

Acid deposition, by lowering the pH of intake water, can 

affect the cost of treatment at two points: it may 

necessitate the addItion of alkaline to raise pH to ensure 

coagulants work effectively (i.e., prior to hydrolysis); and 

it may increase the amount of chemicals required to stabilize 

pH before water is released into the distribution system. 

The economic impact of acid deposition on water supply 

systems is the difference in treatment costs and without 

acid deposition. This difference is detenined by the 
difference In pH of intake water with and without deposition. 
If, in the absence of acid deposition, intake water at System 

A has pH of 6.0, no alkaline need be added prior to 

hydrolysis (i.e., pH 6.0 is within the preferred range for 

all three coagulants). The cost of treatment is: 

the cost of adjusting pH to offset the effects of the 

coagulant (i.e., bringing pH back to pH of 6.0 after 

hydrolysis); plus 

plus the cost of raising pH from 6.0 to an acceptable 

7.5 before releasing water into the distribution system. 

With acid deposition, intake water pH may fall to 5.0. The 

cost of teatment is then: 

the cost of raising pH from 5.0 to 6.0 to within 

an acceptable range for hydrolysis); plus 
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• the cost of adjusting pH to offset the effects of the 

coagulant (i.e., bringing pH back to 6.0 after 

hydrolysis); plus 

• the cost of raising pH from 6.0 to an acceptable 7.5 

before releasing water into the distribution system. 

In this example, the difference in the cost of treating water 

with and without acid deposition is the cost of raising water 

pH from 5.0 to 6.0. In general, the economic impact is the 

cost of raising pH of water with acid deposition to its 

original level (i.e., its level in the absence of acid 

deposition). 

Water treatment costs include the costs of chemicals, labour 

and other items, such as equipment, maintenance (Victor & 

Burrell, 1982). Incremental costs associated with lower 
intake water pH, however, are almost entirely chemical: 

there are little or no measurable additional labour or other 

costs (John Toth, MOE, personal communication). 

Recommendation 16: It is recommended that the economic 
impact of acid deposition on water supply systems be 

calculated as the incremental chemical costs of raising 

intake water pH to its original (without acid deposition) 

level. 

Incremental chemical requirements can be calculated from an 

estimate of the change in intake water pH due to acid 

deposition and the relationship between pH and chemical 

additives. 

The relationship between acid deposition and intake water pH 

is not well understood, especially for systems drawing from 

groundwater sources. Some treatment plant operators do 

believe that their use of pH balancing chemicals has 

increased over the years, but there is still a lack of 
statistical evidence relating changes in acid deposition to 
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water pH. Samples taken at Fort Frances, for example, showed 

no correlation between acid snow and ice melt and intake 

water pH (Gary Martin, Drinking Water Section, MOE, personal 

communication). 

In the absence of suitable data, the MOE model can, at this 

time, only crudely calculate changes in intake water pH from 

changes in the pH of wet deposition. This method is far from 

satisfactory as it does not account for: 

• buffering capacity of watershed geology; 

• the role of carbon dioxide in lowering groundwater pH 

levels (Sibul and Reynolds, 1982); 

• dry deposition. 

Recommendation 17: To calculate economic impacts on 

municipal water supply systems, it is recommended that 

changes in intake pH for municipal water supply systems be 

calculated from changes in the pH of wet deposition. In the 

absence of other information, the changes can be assumed to 

be proportional (i.e., if the pH of wet deposition falls by 

x%, then intake pH for municipal water supply systems falls 

by x%). The consultant emphasizes that this relationship 

should be reviewed and modified as data and analysis become 

available. 

The relationship between pH and chemical additives can be 

broken into two parts: the effect of chemical additives on 

alkalinity and the relationship between alkalinity and pH. 

The effect of chemical additives on alkalinity depends on the 

chemical used, as follows: 

Increase in alkalinity 

Chemical per mg/l added 

NaHCO (Sodium bicarbonate) 0.94 mg/i 

NaCO (Soda ash) 1.26 mg/i 

Ca(OH) (Lime hydrate) 0.60 mg/i 
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The relationship between alkalinity and pH is not direct. pH 

is the natural log of hydrogen ion (H ) concentration. 
Alkalinity covers a variety of factors such as OH, CO, etc. 

The relationship depends on other properties (e.g., salt, 

minerals) in the water, which vary throughout the province. 
Toronto water, for example, has a pH of about 8. If triple 
distilled water (i.e., pH 4.5 and zero alkalinity) were 
combined with Toronto water in equal parts, one would expect 
a pH of about 6.25. In fact, the pH would be closer to 7.0 
because the high mineral content of TorOnto water absorbs 
some of the H ions during the mixing. 

Because water chemistry varies, no single relationship 

between alkalinity (or chemical additives) and pH can be used 
province-wide (V. Westlake, Monenco Ltd. and G. Martin, MOE, 

personal communications). Instead, relationships must be 
specified for each water treatment system. The Drinking 
Water Section of MOE has a computer model which calculates 
additive requirements for various treatment systems. 
Simulation runs could produce an (approximate) relationship 
for each system, although this approach should be verified in 
further discussions with the model's architects. 

Once the volume of incremental chemical requirements is 

determined, the associated annual cost can be calculated as: 

incremental cost = chemical req. * unit price * volume of water 
(S/year) (mg/litre) ($/mg) (litres/year) 

Recommendation 18: A quantified relationship between 
chemical additives (e.g., soda ash) and water pH (or between 
alkalinity and pH) is needed to calculate incremental 

chemical requirements for water treatment systems. However, 

no single relationship is appropriate for all Ontario 

systems. The feasibility and cost of determining such 
relationships for each treatment system should be further 



5—39 

explored with the Drinking Water Section of MOE. Once these 
relationships are specified, the volume of incremental 
chemical requirements can be estimated and costed. 

This approach to calculating incremental costs for systems 
which already have treatment procedures/equipment to 
counteract water aggressiveness is analogous to that derived 
by Victor and Burrell (1982). 

Victor and Burrell (1982) also developed a methodology for 
calculating the economic impacts of increased water acidity 
for municipalities which do not have appropriate systems in 
place. The report suggests the incremental costs of acid 
deposition include the cost of purchasing, installing and 
operating water treatment systems where required by changes 
in water pH or aggressiveness. 

However, discussions with representatives at MOE (John Toth, 
Gary Martin, Drinking Water Section) indicated that decisions 
to install water treatment systems are based primarily on the 
need to disinfect and remove particulates rather than 
considerations of pH levels. 

Extra equipment needed to adjust pH levels are extra piping 
and a chemical feeder. This equipment may be included as an 

integral part of the design of a new water treatment plant to 
offset the effect hydrolysis has on pH levels. In these 
cases, there are no incremental capital costs attributable to 
acid deposition. The economic impact of acid deposition 
would consist only of incremental chemical requirement costs, 
as discussed above. 

Two options for calculating the impacts of acid deposition on 
municipal water treatment systems are available. 

Option 1: Calculate incremental chemical costs for existing 

water treatment systems only. 
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Option 2: Calculate incremental chemical costs for existing 

water treatment systems and include a factor for 

incremental (pH-related) chemical costs in new 

systems. 

The first option may underestimate the economic impacts of 

acid deposition because it ignores future water treatment 

requirements. However, the criteria for installing new water 

treatment systems (e.g., water chemistry, forecasts of 

particulate content) cannot readily be incorporated into the 

MOE model. Consequently, the time and location of new 

systems -- and pH adjustments -- cannot be predicted. Option 

2, therefore, necessitates a simplistic and somewhat 

arbitrary assumption regarding new pH adjustment practices. 

For example, it may be assumed communities/districts with 

water of pH less than 5.5 will be treated. This threshold 

value should be specified by the model user. 

Recommendation 19: It is recommended that the model 

concentrate on incremental costs to existing systems in the 

economic impact calculation. Because this value may 

underestimate the total economic impact, an additional factor 

for chemical requirements at future treatment systems may be 

included, but should be activated the model user. In so 

doing, the user must specify threshold pH level(s), below 

which chemical treatment is undertaken. 

5.5.2 Private Water Supply Systems 

Victor and Burrell (1982) note that the approach to 

calculating costs of acid deposition to private water supply 

systems would be the same as for the public systems. 

However, several problems arise in actually calculating these 

economic impacts. First, to calculate incremental chemical 

costs requires an inventory of existing private systems -- 

and the pH of water treated in these systems. To our 

knowledge, no such inventory exists; nor does the reliability 

of data and relationships used in calculating incremental 

chemical requirements (e.g., the relationship between acid 
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deposition and intake water pH) suggest this inventory should 

be considered a priority. Second, the problems with 

forecasting future private systems are the same as for public 

systems. 

Finally, Victor and Burrell (1982) point out that private 

water supply systems are costly (because of size and 

location) and that, if the necessity arises, simpler and 

cheaper approaches could be developed. If cheaper systems do 

become commercially available, the chemical requirement 

approach may signficantly overstate the economic impact on 

private systems. 

Recommendation 20: It is recommended that the MOE model not 

include the economic impact of acid deposition on private 

water systems. 

5.6 Historic Buildings and Structures 

One of the requisites for identifying the effects of acid 
deposition on historic buildings and structures is an 

inventory of structures at risk. Unfortunately, no 

comprehensive inventory exists with information on the 

number, location or type of material of historic structures. 

Two partial lists were obtained from Public Works Canada and 
Environment Canada. The Ontario sections of these lists are 

included as Appendix E. 

The Public Works listing includes all pre-1942 buildings 

owned by Public Works (as of 1982). Short summaries of the 

buildings, including a description, history and types of 

materials are provided. 

The Environment Canada list included in Appendix E covers 

buildings in Ontario which the Historic Sites and Monuments 

Board of Canada (HSMBC) and the Federal Heritage Buildings 

Review Office (FHBRO) have recommended be commemorated. 



5—42 

Environment Canada also has a Canadian Inventory of Historic 

Buildings (CIHB) which contains a listing of buildings with 

federal heritage designations. The list, which is 

computerized, contains information on location, construction 

dates, architects and builders, uses, building style and main 

exterior wall material. "Photo—cards" of the buildings are 

also available. The large bulk of the CIHB material 

precludes its inclusion in this document. 

Additional information on historic buildings and structures 

is available from non-profit organizations. The 

Architectural Conservancy of Ontario is a non-profit 

organization set up to promote interest in and conservation 

of architectural structures of historic value. The Ontario 

Heritage Act enables municipalities to set up Local 

Architectural Conservation Advisory Committees (LACAC) to 

advise municipalities on local architectural conservation. 

The Act gives municipalities responsibility for designation 

of heritage buildings and for approving changes to 

structures. There are 160 LACAC's in Ontario. 

Finally, the Ontario Ministry of Citizenship and Culture 

(Architecture and Heritage Planning Section) maintains a file 

of municipally-designated heritage structures. Because 

bylaws are different in each community, the level of 

information on each structure varies considerably. The file 

is currently a large manual system, although efforts are 

underway to allow access by computer. 

The federal Department of Environment has expressed some 

interest in initiating a comprehensive inventory of historic 

buildings and structures. The task, undertaken on a national 

basis, would amalgamate and synthesize information from 

existing sources, including their own list (Martin Weaver, 

Heritage Canada Foundation, personal communication). The 

final product would provide the most comprehensive single 
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inventory of historic buildings and structures available 
(without additional field research) for Canada and a basis 

for further development. 

Recommendation 21: A partial inventory of Ontario historic 

buildings and structures is given in Appendix E. The 

computer listing of the Canadian Inventory of Historic 

Buildings is available from Environment Canada. It is 

recommended that MOE monitor efforts by other parties (in 

particular Environment Canada) to develop a comprehensive 

database. 

The literature contains only anecdotal information on the 

effect of acid deposition on historic buildings and 

structures. Victor and Burrell (1982) suggest that the value 
of the effect of acid deposition on historic buildings and 
structures could be approximated as the cost of repairing the 
associated deterioration. As the authors correctly point 
out, repair costs are an imperfect measure of the true value 
of retaining these resources. As discussed in Appendix B, 
economic value is based on a concept of "willingness to pay" 
for a good or service. Society (or individuals) may be 
willing to pay more than the cost of repairs; they may be 
willing to pay more to ensure, for example, the integrity of 
original artistic features. Consequently, the repair cost 
approach may underestimate the full economic cost of 
deterioration. 

Conceptually, the full economic value could be estimated 
using a contingent valuation method which asks individuals 
what they would be willing to pay to avoid the effect of acid 
deposition on historic resources. This approach requires 

primary data collection (e.g., surveys) for a variety of 
Canadian heritage buildings and structures. This approach is 

outside the scope of the current model review and update. 
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Although the repair cost approach is suggested, model users 

should be fully aware that the estimated costs are only 

roughly indicative of the economic impact of acid deposition 

on historic buildings and structures. In addition, repair 

costs estimated from case studies (as suggested in Victor and 

Burrell, 1982) include costs of damage from all atmospheric 

pollution, not just from acid deposition. Quantitative 

information on the proportion of total damage attributable to 

acid deposition is not available. Where acid deposition 

constituents account for only some of several corrosive 

agents, the repair cost approach may overestimate the costs 

of acid deposition. 

Numerous individuals in the federal and provincial 

governments and a non—governmental agency were contacted to 

obtain case studies of repair and restoration costs. No 

studies specific to acid deposition have been undertaken. 

Case studies relating costs of general air pollution have 

been completed in other jurisdictions. 

Recommendation 22: Repair cost case studies for historic 

buildings and structures should be undertaken. The results 

should be written up separately from the computer model 

because their basis and coverage differ significantly from 

other components of the model. 

5.7 Review of Victor and Burrell Recommendations 

5.7.1 Physical Effects 

Victor and Burrell (1982) recommend that research be 

undertaken into the specific impacts of acid deposition on 

buildings and structures, rather than rely on extrapolations 

from studies of general air pollution; and that synergistic 

effects of acids with other pollutants should be included. 

In light of the dearth of quantitative data available, this 

recommendation is still very relevant and worth repeating. 
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In particular, research should be undertaken on actual 

corrosion rates of materials at specific sites in Ontario and 
correlated with deposition, exposure and climatic variables. 
These data can then be used as controls to compare with 

quantitative relationships which become available in the 

general literature. 

Recommendation 23: As recommended by Victor and Burrell 

(1982), research should be undertaken on actual corrosion 

rates of materials at specific sites in Ontario and 

correlated with acid deposition (vs. SO or other proxies), 

exposure and climatic variables. 

5.7.2 Economic Valuation 

Two recommendations forwarded by Victor and Burrell (1982) 

focus on the quality of data used for economic life, exposure 
factors, thicknesses of materials and the inventory of 
buildings and materials at risk. Given the status of the 
physical damage relationships, extensive data collection and 
manipulation to estimate values "specifically for Ontario" do 
not appear warranted at this time. Instead, we suggest the 
values drawn from Salmon be verified through discussions with 
material experts (see Section 5.8.2). Until actual inventory 
data are available, Ontario's standing stock of materials can 
be described in physical rather than dollar terms by 
converting consumption into volume units, using average price 
data. 

Finally, Victor and BurreD. (1982) recommend that "carefully 

selected case studies of the economic implications of 

corrosion of specific materials in place be undertaken. 

These studies are important for those materials the economic 

cost of which may be many times less than the economic value 

of damages caused by component failure." As discussed in 

Section 5.3.4 above, in service valuation requires data 
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collection and analysis efforts which do not appear warranted 
by the current level of scientific understanding of materials 
damage. 

5.8 Data Requirements and Availability 

5.8.1 Data Requirements 

The following data must be assembled to operate the revised 
human systems model: 

Re f erred 
Data Requirement Comment Disaggregation 

A. Materials 

1. Population update by county 
2. Materials consumption revision & by material 

and average prices update 

3. Economic life of material verify data by material 
4. Material exposure factors verify data by material 
5. Population growth new data provincial 

forecasts 

B. Water Supply Systems 

1. pH of intake water new data by treatement 

system/community 
2. Volume of water treated new data by treatment 

(average flow) system/community 
3. Price of chemicals new data by chemical 

5.8.2 Data Availability 

Population data are readily available from Statistics Canada. 
Population forecasts should be taken from macroeconomic model 
simulations used in forecasts of agriculture and forestry 

production. 
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Economic life and exposure factors should be verified by 
material experts. Relevant people can be contacted through 
organizations such as the: 

Zinc Institute, NY, NY 

International Lead-Zinc Research Organization, NY, NY 

Portland Cement Association, Skokie, Illinois 

International Copper Research Association, NY, NY 

Copper Development Association, NY, NY 

American Iron & Steel Institute, Washington, D.C. 

Steel Structures Painting Council, Pittsburgh 

Aluminun Association, NY, NY 

National Association of Corrosion Engineers, 

Houston, Texas 

American Society for Testing & Materials, 

Philadelphia, P.A. 

American Society for Metals, Metals Park, Ohio 

New data for economic life, value added and exposure factors 
are required for steel. The following values from Salmon 
(1970) can be used until Ontario—specific information becomes 
available: 

economic life 18 years 

value added factor 2.3 

exposure factor .02 

Material consumption data may be gathered from several 
Statistics Canada publications, The volume and value of 
production is available from the following catalogues: 

Concrete 44—219 

Zinc 26—201/2 

Aluminum 41—230 

Copper 26-201/2 

Paint 46—210 

Information is not available for carbon and weathering 
steels, but only for the generic commodity group "steel" (see 
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Statistics Canada catalogue 41-231). These publications 

include provincial disaggregations. 

Production data must be adjusted for imports, exports and 
inventories to give estimates of materials consumption. 
National import and export data are available in detailed 
annual tables in Statistics Canada catalogues 65-202 and 65- 

203. Inventory infonation is included in the commodity 

publications noted above. 

For water supply systems, data on intake water pH is 

available from the Drinking Water Section of MOE (contact 

Ann Vajdic). Data are/have been collected under two 

programs. The new program -— the Drinking Water Suneillance 
Program -- collects data on intake and treated water at 16 
locations. The older program -- the Utility Monitoring 
Information System -- has been operating for 5-10 
years and is run by the Water and Waste Water Management 

Division of MOE. Data is collected from 85 plants in six 

Ontario regions, with some overlap with the new program. 

Data in the UMIS include intake water pH for most but not all 

plants. The UMIS also includes average flow data for each 

plant. 

Preliminary chemical prices are: 

$ per 100 kg 
NaHCO3 (industrial grade) 69.25 

NaCO ("light soda ash") 26.60 

Ca(OH) 65.40 

Source: based on data from G. Martin, MOE. 

These prices include transportation to southern. Ontario only, 
and exclude taxes and duty. More detailed information on 
prices can be collected from producers and distributors: 

Canada Colours 416—449—7750 
Domtar 519—423—6261 



FOOTNOTES 

1. Only one recent document which identifies impacts 
(specific to acid deposition) was identified during the 
literature review: see Sherwood & '(1984), 

2. Note: The reference cited uses the terms H sulfur 
pollution" and "pollution" interchangeably. 

3 temperaturefl is the temperature of the outer 
wail of the structure Structure temperature may differ 
from ambient temperature because of radiation effects, 
internal heating, etc "Deposition velocity" captures 
the: a surface material to absorb 
ambient $02. 

4. The Battelle study examines the effects of general air 
pollution, although some references are made to 
accelerated corrosion of zinc by 302* 

5. Calculated as follows: 

Assumptions: 
Tw (wet-time measurement for temperature) = 7 

Ontario) 
W (time of wetness /eiapsed ttme) = 143 days (39%) 

(AES, Ontario) t (time of exposure in years) = 365 days 
thickness (Salmon, 1970) = 0.15 in. 

Equation a): 
Corrosion (urn) 'Q = (0.068 + 1.163w) + 00038Tw 

— 0.0005Tw + 0.24W + 0.Ol6Tw)t 
= 0.0184 + 0.0445502 

—2 
= (1.84 ÷ 4.45502) nO 

Equation b): 
0 706 Corrosion (urn) Q = 0 63 (Sw + 1 78)t*W 

= 0 0039 + 0 0022502 
= '(3.9 + 2.2SO2)x103 

6. I ntera:ction values calculated as follows: 

Assumptions: tw = 29 (Stanners, 1972) 
thickness = 75 urn (as used in th!e 1980 model) 

Thickness loss (um) = Y = '(2.4 + 0045 5O2)tw 
= 0.696 + 0.013302 

Interaction Value (including dry deposition) 

= (0.696 + 0.013 502/9 
= (92.8 + 1.73502)xlO 

Interaction Value (wet deposition only) 

= ('0.696 + 0.013 SO2)x054/75 
= (371.2 + 
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7. Treatment may also include filtration and post- 
dis infection - 

8. At present, pH is adjusted prior to distribution in only a 
few systems; however, adjustment may become more common 
as intake water becomes more acidic. 

9. A survey of groundwaters in the Sudbury area in 1981 
suggested that "because of the demonstrated dependence of 
pH on CO,, it would appear that acid precipitation has 
not groundwater to a great extent in the Nuskolca 
and Sudbury areas" (Sibul and Reynolds, 1982). 

10. For further information contact: 
Sheila Lanter 
Architecture and Planning 
Ontario Ministry of Citizenship and Culture 
416—965—4961 
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6.0 MODELLING ENVIRONMENTS 

6.1 Audit of the 1980 Model 

There were two objectives of the audit of the 1980 model. 

The first objectiie was to analyze the performance of the 

existing computer program by examining its structure and 

programming language. The second objective was to review and 

understand the computer models for human systems, 

agriculture, and forestry. The reviews covered: 

• databases; 

• identification of and assumptions for key operational 

variables and parameters; 

• dose-response relationships; and 

details of the economic valuation methodologies. 

The audit entailed a review of the documentation and compute:r 

code for the models. In addition, the model was accessed 

from the Downsview computer and several simulations run. 

Data files were listed and documented results were 

duplicated. Various sensitivity tests we-re undertaken to 

identify key operational variables and to confin and clarify 
documentation. 

Descriptions and logic flow diagrams for each of the three 

models (i.e., human systems, agriculture, and forestry) are 

included in the sectoral discussions in Sections 3, 4, and 5. 

The focus of this section is the assessment of the model's 

structure and programming language. The five main 

conclusions of the audit are discussed 

6.1.1 Modelling Environment 

The model is implemented in the Interactive Financial 

Planning System (IFPS) at a large mainframe computer in 

Downsview, Ontario. The major strength of this system is 

that it provides a very good environment for model 
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development. The IFPS software has a number of features, 

such as flexible data input (i.e., data do not have to be 

rigidly formatted or structured), debugging procedures, and 

report generation which facilitate model development. 

6.1.2 Ease of Use 

The 1980 model may be characterized as a prototype. Its 

programming language and format suggest that during 

development more emphasis was placed on providing an 

operational model than ensuring ease of use by a variety of 

users. Apart from documentation provided by Ontario Hydro, 

there is no interactive module to prompt the user. (Indeed, 

without the Ontario Hydro documentation, understanding, 

accessing and running simulations on the model would be very 

difficult.) 

It is also very difficult for the user to make changes to the 

model —— either to the data, to parameters, or to the program 

code itself. For example, some reprogramming was required to 

carry out sensitivity tests during the audit of the model. 

Given the inherently high degree of uncertainty in many of 

the dose-response relationships, parameters, and other data 

used to estimate the impacts of acid deposition, it is 

extremely important that changes and extensive sensitivity 

testing can be done with ease. 

Scenario specification in the 1980 model requires a detailed 

understanding of the structure of the model, code names and 

where the code names occur throughout the model. As the 

model currently stands, there a.re numerous coefficients 

embedded in. the code and it is difficult to know what changes 
are being made. It is also difficult to ensure the 

consistency of those changes because the same code name 

occurs in different parts of the code. 
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6.1.3 Model Maintenance 

The 1 980 model's single most significant difficulty, as 
identified during the is ease of maintenance. 
Maintenance of: the program code is inhibited by major 
factors. First, some parameters are in the program as 
constants, rather than being easily accessible through !a data 
file. This structure makes it difficult to identify or to 
change, check, or document parameters. Second, the model is 
not adequately structured in modules to facilitate 
identification of information In some instances, it Is 
inefficient and repeats similiar or identical equations 
throughout the code. A modular structure would significantly 
simplify changes to the program code and data. 

With respect to data maintenance, the IflS software has 

extremely limited data management capability, creating 
significant problems if any further detail on regions or 
species are required. 6.1 shows an example data 
file. The lack of descriptive material In or documentation 
to the file (e.g., variable names, units, headers) inhibits 

quick and efficient changes to the data. 

6.1.4 Cost Effectiveness 

Notwithstanding the considerable amount of data which the 
model handles, the computer code necessary to run equations 

is fairly short. Thus, overall memory and space is not an 
important issue in choosing appropriate software and hardware 
for the program. The model could be run on a personal 
computer. The expense of running IFPS on the Downsview 

mainframe computer is not necessary. The Downsview computer 

simplifies Monte Carlo simulations, which are part of the 

1980 model; however:! the Monte Carlo method could!! be 
implemented on personal computer with some loss in response 
time but at a lower cost. 
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EXHIBIT 6.1: SAMPLE OF 1980 MODEL DATA FILES 

FILE Ri 02/17/86 15:30 
0 

FACBVS2 0 

0 
FACBVS4 9: 
FACBVSSa 0 

FACBYS8 0 
FACBVS7a 0 
FACUVSS 2480 

16'75 

FACBVSLOS 0 
FAACS1= 0 

0 

FAACS3= 0 
FAACS4= 92.5 
FAACSZ 0 

FPaACSÔ= 0 

FAACS7= 0 
FAACS8= 2490 
FAACS9= 1895 
FAACSI0 0 
UTHBV= 40262.! 
UHT= 47000 
ATPAS1 23176.74 
ATFAS2 11:2756 
ATPAS3 273621.34 
ATPAS4= 951450 
ATPASS= 21184144.4 
4TPA98 0 
ATPAS7 107149 
ATPAS8= 1056819.83 
ATPAS9= 5640! 
ATPAS1O= 34386992.8 
ATPAS11= 2187.9 

437.5 
ATPAS1:= 0 
ATPAS14= 9666442 
ATRASISs 5163939.8 
ATPAS16= 5749262 
ATPASI7S 37382.4 
ATPAS1S= 1062301.72 

219588 
10606913 

ATPAS21= 13136813 
5878980 

ATPAS23= 1051341 
1326750 
602.8 

ATPAS26 4566870 
ATPAS27SI714. 7 
ATPAS2S 0 
ATPAS29 12189 
ATPAS3Oa 6874980 

50022256 
ATPAS32= 8983000 
ATPAS33a 560000 
ATPAS34 10059 
ATPAS3Sa 320000 
ATPA536 17fl4700 
FBS= .65 
FCEC= 27 
FPXC= 55 
FTPFA= 168 
F'RX= 76 
PHEX- 45 
0504= 145 
0N03- 55 
CNH4= 35 
AIPA— 693059 
ATPANL= 414361 
UCDST= 436625 
REGP=40631. 55 
END OF DATAFILE 

FOR EXECUFIVE COMMAND 

flLE P2 02/17/98 
FACBYS1= C 

FACBYS2= 0 
FACSVS:= C' 

FACBYS4= 977 
FACE'YSZ= 218 
FACBVS6= 9 
FAC8YS7= 225 
FACBYS8= 

1 

FAC8VSI). 0 
0 

FAACS3= C' 

FAACS4= 877. 
FAACSS= 210 
FAACS6= 93 
FAACS7= 223 
FAACS8= 13217 
FAACS9= 16259 
FAACS1O= C' 

UTHF3Y= 8524C'.52 
UHT= 89280 
ATPAS1= 94889.99 
ATPAS2= 4096401.8 
ATPAS3= 1256979. 32 
ATPAS4= 1810305.2 
ATPASS :7470382. 3 
ATPAS8= 46519 
ATPAS7= 2970200. 8 

ATPAS8= 4690943.99 
ATPAS9= 753947 
ATPASIO 23888985.2 
ATPAS11= 18287.27 
ATPASI2= 3641.5 

163121 
ATPASI4= 6754324 
ATPAS 80357395 
ATPASI6 9693447 
ATPA51750452. S 
ATPAS1S= 1557703.08 
ATPASS9 367574 
ATPAS2O= 9282237 
ATPAS21= 39548957 
ATPMS22= 17429721.9 
ATPAS23= 9300388 
ATPAS24 224:479 
ATPAS2S 14877.24 
ATFA826 1773188 

£32333. 22 
ATPAS2S 1170440 
ATPAS29= 19957.09 
ATPAS3O 3223218 
ATPAS31 135922284 
ATPAS32= 590710 
ATFAS33= 27313480 
ATPAS34 :4408.16 
ATPAS3Z 135.6400 
ATPAS38 8137104 
FBS= .85 
FCEC= 22 
FPXC= 85 
FTPFA= 762 
FRX= 88 
PHEX 50 
CSO4= 130 
CNO= 60 

45 
1606326 

uCOST= 109925: 
RE0P49525 1.7 
END OF 

13:31 



6—5 

6.1.5 Management of Spatial Data 

In reviewing the 1980 model, it became apparent that 
ma nipulation of input data on a geographical ba sis was as 
important as the model equations themselves. The 1980 model 
breaks the province into 64 regions and all data are 

manipulated to fit this framework,. Results are reported on 
the same basis. The 1980 framework was probably the best 
that could be used at that time. It is based on an 
ecological divisions of Ontario considered significant for 
forestry These divisions or site classes reflect soils 
features, , and geology. 

The disadvantage with the 1980' fixed framework that all 
other data have to be manually converted to the '64 regions by 
interpolating, extrapolating, and prorating from the data' s 
original geographic disaggregations For example, 

agriculture production data are converted from a county 
basis; population data from! census divisions. To revise 
regional data, the user must recalculate them from the 
spatial disaggregations of the original data. This manual 
manipulation is time consuming and, unfortunately, the 

methods used to convert data to the 64 regions in the 1980 
model are not included in the model's documentation. 

In summary, the major strength of the 1980 model 
structure/language is that it provides a very good 
environment for model development through features such as 
flexible data input, debugging procedures, and report 

generation. However, the has not been extensively 
used, and the model's location (a large, somewhat for-boding 
computer system) does not lend itself to use by computer 

novices. If the model is intended for active use by several 
people for policy and research planning, then it should be 
more "friendly" and! This could be accomr:iished 

by moving it to a personal computer and by restructuring the 
data management capabilities. 
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6.2 for Modelling 

6.2.1 Options 

In this section, some major options for modelling 
environments presented with discussion of their 
feasibility and utility. 

(a) Status QUO 

All of the changes to the mod!!el recommended in this report 
could be made to the 1980 IFPS (mainframe) Input 
data would have to be massaged manually to create more up to 
date information for the model. This approach would, 
however, not overcome problems outlined in Section 6.1 above., 
Furthermore,. it is: unlikely that the model would he used any 
more than it has been in the past. 

(b) Personal Computer (PC) Model 

To make the model more accessible and approachable, it could! 

be transferred to a micro—computer. A version. of IFPS exists 
for an IBM but it does not support Monte: 

Carlo simulations. If Monte Carlo simulations are 

dat a and parameter values can be transferred from the micro 
to the mainframe 

model could be re-written in Fortran or Basic to the IBM 
PC with limited programming effort. A Monte Carlo version 

would be: fairly simple to develop in one of these programming 
languages.. Another option would be to implement the model in 
a spreadsheet program such as This option might be 
cumbersome to program but very easy to use as many people: 
today are familiar with spreadsheet programs. Furl-hennore, 
program documentation and debugging tools exist for: Lotus 123 

and its derivatives. 

(c) inS and Geographic Information System (GIS) 

An option that would improve data manipulation would be to 
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use a GIS to generate input data and perhaps to aggregate 
model output. The process of reconciling the various spatial 
resolutions of the data would be more flexible and easier to 
document. GIS options are discussed in more detail in 
Section 6.2.2 below. The model equations would be run under 
UPS on the mainframe computer as is presently done, 

(d) PC Model and GIS 

An IBM compatible micro-computer could run the model in 

conjunction with a GIS system. Spatial data could be 

manipulated using the GIS and transferred to the PC model 
(and back if appropriate). 

(e) SPANS Meta Language 

The SPANS GIS system contains a meta or programming language. 
This language is used to construct complicated expressions of 
spatial data and to overlay these calculations on the other 
data sets. It would be possible to express the simulation 
model in this meta language and use it as a means of 
combining and overlaying the spatial data directly. Such an 
exercise would be experimental as no one, to our knowledge, 
has attempted to integrate a time structure simulation model 
into a geographical information system. 

An integrated simulation model and GIS would be very 
attractive for several reasons. For example, the 

agricultural soils calculations could be done on the spatial 
resolution of the soils data and the production calculations 
could be done on their particular spatial resolution. The 
output of these two sets of calculations could then be 
overlayed on one another to calculate overall economic 
impacts. This process would make each model more defensible 
in its own right as it would not rely on manipulation of 
input data to a common spatial resolution before calculations 
are done. 

These options were discussed with MOE representatives. 

Particular attention was paid to accessibility, reprogramming 
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requirements, and cost. For example, a PC version would 

allow more widespread use of the model, but transferring to a 
program other than IFPS/PC would require additional 

reprogramming. 

Recommendation 1: In consideration of current budgets, the 
model could remain on IFPS at the Downsview computer with two 
amendments. First, the use of a computerized GIS should be 
introduced to improve data management. Second, the model 

should be available on a PC version of IFPS. 

Recommendation 2: To. overcome problems of ease of use and 

model maintenance (as outlined in Section 6.1), it is 

suggested that either front and back ends be added to the 
1980 model or the code be rewritten in its entirety. The 

latter option is preferable because it would enhance the 
efficiency of the model and, more importantly, ease of 
maintenance without significantly more effort than the first 
option. 

6.2.2 Geographic Information Systems 

Introduction of geographic information system technology and 
the general availability of micro-computer based GIS render 
the 1980 fixed geographic framework obsolete. Instead, 
overlay analysis of the various geographical boundaries can 
be performed to create true regions representing the data 

being used. There are three options: 

full integration of a GIS into the modelling framework 
use of a GIS for data input 

use of a GIS for data input and display of results 

with data transfer to and from the model. 

While less expensive than the first option, the third option 
allows for pictoral (i.e., map) presentation of the model's 

results to supplement numeric output. 

Recommendation 3: It is recommended that a GIS be used for 

data input and display of results with data transfer to and 

from the model. 
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Implementation of the recommended approach raises a number of 
issues, including: 

• access to a GIS 

• data entry 

• region identification 

• interpolation of results 

• results fonat 
interface with IFPS. 

Access. The MOE may be able to access a GIS residing in 
another department of the Ontario Government (e.g., Ministry 
of Natural Resources). These in—house systems should be 

identified and evaluated in tens of requirements for the 
acid deposition model. 

Data Entry. To perfon overlay analysis, the various maps 

containing Ontario data must be converted to machine-readable 
fon. The data entry system of any topologically based GIS 
can be used to create these map databases. Each polygon will 
require an associated attribute file in which regional 
characteristics are stored. 

If digital mapped data are already available, an interface 

may be required to enable the GIS to be used. This is a 

minor problem as the data sets are small and could be re- 
entered specifically for this project. 

Numeric data can be input directly into an attribute file for 
each region or for the province as a whole. 

Regional Identification. As the geographic units are not 
expected to change frequently, the regional database created 
by a GIS may remain useful for several years. The sector 

models will always be run separately, with an aggregate of 
results. The most efficient approach to data management is 

to create a unique polygon map for each sector model. This 

approach would make maximum use of all data without forcing - 

- or hand manipulating -- data in different geographic 
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regions, as is done in the 1980 model. 

For example, agriculture and forestry may require component 
maps geographic bases: as shown in Exhibit 6.2. The 

forestry maps would be to produce a map showing the 
unique conditions for forestry. The same would be done for 
agriculture. The two unique conditions maps show all areas 
which are dIfferentiated by values of one or other attribute. 
For example, each area shown on the agriculture unique 
conditions map would have a unique combination of soil types, 
production and deposition levels. 

The attributes for each unique condition (e.g., deposition 
level, soil type) are stored in an attribute file, in the 
following 5ample format. 

soil Annual Sulfate Nitrate 
Unique Area Class Production Desposstion2 Deposttton 

(mill. tonnes) (meq/rn/year) 

1 A 5.0 13.5 7.5 
2 A 12.5 24.0 10.0 
3 8 6.5 31.0 14.0 

N 

Data in the attribute files are then transferred to the 
model's equations to generate the! effects of a!cid deposition 

for each region. Different deposition scenarios are 
examined by running the mo del wi!!th modified deposition 
attributes. 

Interpolation of Results. It is likely that creation of the! 
unique!! conditions maps will result in a large! number of 
unique regions. 

! 

Display of t-h!e results will probably 
resemble a patchwork ?quilt wi!th!! many hundreds of very small 
areas. To facilitate presentation, two issues must be 
address ed: 
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EXHIBIT 6.2: EXAMPLES OF REQUIRED GEOGRAPHIC DATA 

Approx. No. 
Inputs Geographic Unit of Polygons 

Agriculture 

Soils Generalized Soil Map 300 
Production County* 1,000 

Forestry 

Soils Generalized Soil Map 
1:1,000,000 300 

Max Allowable Depletions Management Units ±100 
Production/Harvest Management Units ±100 

Deposition 

Sulfates Appropriate geographic disa'ggregations 
Nitrates to be determined in sultation with 
Dry Air Resources Branch (MOE) 

* Alternatives are Census Divisions, Census Sub-Divisions. 
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• grouping results into classes for display, and 

• generalizing small unique regions to produce 

understandable results. 

The GIS to be used may, or may not, have the ability to 

perform these operations once the model results are known and 

have been added to the unique conditions attribute file. In 

selecting a GIS, the MOE should consider the need to 

interpolate model results. 

Results Format. Alternatively, the results could be reported 

in tabular f on and manually plotted on a line map showing 
the unique region. There may be a need to report results by 

other regions such as political constituencies, municipal 

units, or watershed. Unless these needs are predictable, 

these regions should not be included in the unique conditions 

report as the number of regions, hence processing time, would 

increase unnecessarily. Instead, the GIS to be used should 

have the capability of overlaying the results with a new map 

of the desired regional disaggregation and of averaging 

results by these regions. 

Interface between Model Computer and CS. There are two 

considerations in interfacing the GIS and the model's 

computer. First, the attribute files must be in units and 

expressed in a way that is acceptable to the model. For 

example, a map usually has classes with upper and lower 

bounds. The model requires a mid point of this class or 

other single entry for the region in question. Second, once 

a GIS has been selected, an interface will be required 

between the attribute files of the unique conditions map and 

the model input table. This is a straightforward task. 

6.3 Revisions to Computer Code 

Four types of changes for the three sector models have been 

noted in the code listing. They are: 

(1) Changes to equations or formulae to incorporate 
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suggested revisions to dose-response relationships 

and/or economic valuation methodologies. 

(2) Corrections to the 1980 code. 

(3) Changes to data embedded in the code. 

(4) Revisions to data files. 

The sources for revisions to data are explained in Sections 

2.3, 3.5, 4.5 and 5.4 for the deposition, forestry, and 

agriculture and human systems sectors, respectively. 

The revisions noted in the code are specified in sufficient 

detail to allow a programmer to complete the changes without 

undertaking further research or analysis. Because of the 

complexity of the code, it is suggested that these changes be 

made by the original programmer, or someone familiar with the 

code. 

With access to IFPS/PC software and documentation, the model 

can be downloaded from the mainframe version. The programmer 

should specifically examine how IFPS/PC software would handle 

the random variables TRIRSkND and tJNIRAND. If IFPS/PC does 

not automatically take the mean values of the distributions, 

the random number generator sections may have to be extracted 

from the code. The code revisions do not include changes to 

the program structure or language. 

Sections of the computer code with revisions are listed in 

Appendix F. 
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7.0 SUMMARY OF RECObDENDATIONS 

The review 1980 MOE acid deposition models indicated 
that their structures are essentially sound. However, 

changes concerning specific components of lndividual models 
(e.g., dose_response relationships, economic valuation) are 
recommended. These recommendations are summarized below for 
each sector model (i.e., deposition, forestry, agriculture, 
human systems), along with recommendations on the general 
economic valuation framework modelling environments. 
Each recommendation is referenced to its discussion the 
text. 

I 
7 • 1 General Economic Valuation Framework 

The current public financial framework should be maintained 
with impacts calculated from the perspectIve of society at 
large. This approach requires estimates of effects on 
consumers as well as producers (pg. 3-6) 

In drawing conclusions from model simulations, consideration 
should be given to the offsetting effects that mitigative 
acticns or substitutions may have on economic costs (pg. 

3—13) 

Distributional and social consequences are often important 
criteria in evaluating government actions and proj ects. For 
this reason, it is recommended that employment impacts be 
estimated and. included in the model output where 
appropriate . Other distributional and/or social impact 
indicatars can be considered in the futur-e. 

7.2 Deposition Model 

The separation of natural and anthropogenic depositIon should 
be eliminated (pg. 2_3), 
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The new model should allow the user to adjust the mix of ions 

in the deposition. To do this, acid deposition data for each 

of the four ions (hydrogen, sulfate, nitrate and ammonia) 

should be input separately (pg. 2-3). 

For above—ground effects in forestry and agriculture, wet 

deposition levels should be calculated for the active growing 

season (defined as May to October). For soil effects, total 

annual deposition should be calculated, but prorated by some 

user-specified parameter. The default value for the 

parameter should be 65% (i.e., 65% of annual deposition 

remains in the soil). For human systems, deposition levels 

over the year should be calculated (pg. 2-4). 

There should be two deposition parameters for hydrogen ions. 

The two parameters relate to above ground and soil effects 

which can be differentiated by the user. The default in the 

computer program should equate the hydrogen ion parameters 

(pg. 2—4) 

Dry deposition data should be added to wet deposition in 

calculating soil impacts for forestry and agriculture and for 

calculating impacts on human systems (pg. 2-4). 

Average annual water pH should be calculated for the water 

supply component using the same methodology as in the 1980 

model; average growing season pH should be calculated for 

above ground effects in the forestry and agriculture models 

(pg. 2—5) 

The pH range for simulations should be limited to "realistic" 

average levels calculated over a given time period (annual or 

growing season) and variations of: 3.5 c pH < 5.5 (pg. 2-5). 

7.3 Forestry Model 

It is suggested that the ten "yield" be clarified to 
distinguish between biological and economic forest 
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production. The revised model should use the ten "potential 
yield" as a measure of forest productivity (e.g., cunits per 

hectare) while total quantity of wood harvested or "harvested 

yield" should refer to economic forest production (pg. 3-7). 

Above Ground Effects 

The model's capability for identifying three sensitivity 

classes should be maintained but a default should be 

introduced which reduces sensitivity classes to one (pg. 3- 

9) 

The intercept on the foliar dose-response relationship should 

be set to 3.5 so the expected foliar effect of acid 

deposition will be zero at pH of 3.5. Monte Carlo runs using 

the 1980 structure but with the new intercept could provide 

an indication of how sensitive the overall model is to this 

assumption (pg. 3-9). 

Soil Effects 

The only recommended change to the base saturation equation 

is to drop the nitrogen fixation ten. Enhanced cation 

uptake by wood because of nitrogen fixation is already 

incorporated by the term dealing with change in potential 

yield (pg. 3—10). 

The change in potential yield should be made a direct 

function of base saturation (instead of function of change in 

exchangeable calcium). Because of a lack of data on the 

relationship between base saturation and tree growth, this 

function can be assumed to be linear (the simplest functional 

f on with least data requirements). At the time of this 

report we are unable to make any suggestion regarding the 

value of the parameters (pg. 3-10). 

Change in current annual increment (CAl) due to nitrogen 

fertilization can be assumed to be: 
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CAl * + * N kg/ba,) 

This increase in growth should not continue unconstrained; a 
saturation level at maximum growth increase of 25% over a 
five-year period be introduced (pg. 3_to). 

The amount of mobile aluminum should remain constant until 
base saturation drops below seine critical point. Then all 
the hydrogen input can be assumed to liberate aluminum and 

other trace metals. The calculation of the effect of 
aluminum on tree growth or yield should remain the same as In 
the 1980 model. At the time of this report, we were still 
unable to find appropriate parameters. for the model (pg. 3- 
11) 

Economic Valuation 

At this tine, the assumption that the total quantity of wood 
extracted will not be affected by acid deposition should be 
maintained on the premise that the effect on potential yield 
is small. However, shoulLd scientific evidence suggest 

otherwise, it is recommended that Maximum Allowable Depletion 

(MAD) be linked with changes in potential yield as outlined 
in section 3.3.3 (pg. 3_l4), These changes would require 

further modifications in the economic valuation formula (see 
Appendix 0). 

Data on annual allowable cut should be replaced wit-h MAD 

values for: five year periods in a 20 year timber management 
planning horizon. When the data become available, these 

figures should be adjusted for harvestable portion (pg. 3- 

14). The adjusted MAD provides a control for unconstrained 
growth of: actual cut, as foflows: 

Actual Harvest (ha.) = minimum (harvest previous year (ha.) * 

(1 + growth factor); (adjusted) MAD 

(ha.)J 
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The fonula states that actual harvest will be the minimum of 
(adjusted) MAD and last year's harvest with some increase 

(pg. 3—15) 

Changes in delivered wood costs should be related to changes 

in an appropriate measure of productivity (i.e., potential 

yield measured in cunits per hectare) instead of tree size 

(pg. 3—18) 

Delivered wood costs should be redefined as a function of 

potential yield. A relationship between potential yield and 

delivered wood costs should be developed based on simulation 

data from FORCYTE or from a survey of private operators in 

Ontario's wood industries (pg. 3-20). 

The estimate of unit delivered wood costs should be updated 

to the most current infonation (pg. 3-20). 

Production and price forecasts for each sector should, to the 

extent possible, be based on a common set of macroeconomic 

assumptions. A common and consistent set of assumptions can 

be drawn from CANDIDE or RIM macroeconomic models. It is 

recommended that MOE pursue discussions with operators of 

CANDIDE or RIM to develop indices of future prices and 

production for forestry. These national projections can be 

adjusted to account for Ontario's changing share of national 

output, based on historical dfla, output from RIM or the 

Conference Board model (pg. 3-22). 

7.4 Agriculture Model 

Above Ground Effects 

Scientific evidence does not support crop-specific dose- 

response relationships. A single stochastic dose-response 

relationship for all crops should be used. A review of 

previously estimated relationships presented in Irving (1983) 

fons the basis for this function (pg. 4-8). 



7—6 

Sugar maples should be added as a crop type, subject to the 

sane dose—response relationship as other crop types for above 

ground effects. No soil management amendments .should be 

included for maple sugar (pg. 4-11). 

Soil Management 

Sulfate deposition up to 10-30 kg/ha (using 20 kg/ha as a 

default) should be included as a benefit. 

deposition above this level should be included as neither a 

benefit nor cost (pg. 4-13). 

The effects of sulfate deposition accounted for in the liming 

requirements should be equal to the hydrogen ion input plus a 

component for sulfate deposition (pg. 4—13). 

Economic Valuation 

The formula P(Q'-Q) + (Tc-Tc') should be replaced with the 

general formula for estimating changes in economic welfare, 

to take into account possible changes in market price (pg. 4- 

16). The user should activate price effects (where prices 

are sensitive to changes in quantity) by specifying an 

elasticity for each crop group. The model default should set 

price effects to zero (pg. 4—20). 

It is not recoxnznendeththat the model include quality impacts 

as they are highly case-specific and adequate biophysical 

data do not exist (pg. 4-17). 

Soil amendment costs should be updated to the most recent 

available data using information from the Ministry of 

Agriculture and Food (pg. 4-17). 

The current assumption that all farmers will adapt soil 

amendment practices perfectly should be maintained. However, 

it should be noted that this assumption will tend to 

overestimate cost savings and underestimate higher costs of 

soil amendment practices (pg. 4-18). 
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Projections of prices and output for the agricultural model 

should be accessed from the CANDIDE or RIM models. 

Modifications of growth trends should then be made to reflect 

provincial and changes in shares of 

agricultural output. The RIM or Conference Board models 

could assist in developing provincial specifications (pg. 4- 

21). 

7.5 Human Systems 

Materials Damage - Physical Effects 

MOE should proceed with the 1980 material category approach 

to estimating the effect of acid deposition on materials. 

This approach should use corrosion fonulae for dose-response 

relationships; however, damage estimates and conclusions 

should be couched in appropriate tens of uncertainty. MOE 

should also monitor and, to the extent possible, contribute 
to the development of methodologies estimating materials 

at risk and Ontario-specific corrosion fonulae (pg. 5-14). 

The model should relate sulfate (not H+) to SO with the 

conversion factor specified by the user. A default factor 

based on atomic weights of sulfate and SO should 

be input (pg. 5-15). 

The effects of dry deposition should be incorporated by 

eliminating the 40% adjustment as interaction values (pg. 

5—15) 

The 1980 corrosion formulae for concrete, marble and aluminum 

should be maintained because no new information is available 
(pg. 5—16) 

It should be recognized that estimates for damage to paints 

are particularly subject to error because the methodology 

assumes that one corrosion rate is applicable for all paint 
types and that repainting occurs after total surface 
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corrosion. Furthermore, the estimates do not consider the 

quality of surface preparation. Lack of data preclude any 

improvements to the 1980 interaction value (pg. 5-16). 

Nickel should be excluded from the model because data 

indicate it is not significantly affected by acid deposition 

(pg. 5—17) 

Carbon and weathering steels should be added to the set of 

materials for which damage is estimated (pg. 5-20). The 

interaction values should be applied as follows: 

(a) (1.84 + 4.45S02)xlo for SO deposition 40 ug/m 

(b) (3.9 + 2.2S02)xlO for SO deposition 80 ug/m 

(c) an average of the two interaction values for 

intermediate levels (40 ug/m c SO c 80 ug/m 
) 

of SO 
deposition (pg. 5-23). 

The 1980 formula on which the interaction value for zinc is 

based should be replaced, and the following interaction value 

used (pg. 5—24): 

(92.8 + l.73S02)xlo 

Materials Damage - Economic Valuation 

The current structure of the economic valuation methodology 

should be maintained: however, it should be noted that the 

exclusion of soiling and substitution will ceteris paribus 

underestimate the economic costs of materials damage (pg. 5- 

28) 

Material stock data should be updated. Stock data should be 

based on consumption (versus production) where possible, and 

averaged over several years (pg. 5-29). The stock of 

materials at risk should grow at the rate of population 

growth (pg. 5-30). 

Economic life values used from Salmon (1970) should be 

verified with material experts in Canada (pg. 5-31). 
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Population data and population ratios should be to 
the most recent available information (pg. 5—32). 

It is recommended that in_senice valuation not be 
incorporated in the calculation of economic impacts of 
materials damage (pg. 5—33). 

Water Supply Systems 

The economic of acid deposition on municipal water 

supply systems should be calculated as the incremental 

chemical costs of raising intake water pH to its original 

level (pg. 5—36). 

Changes intake pH can be calculated from changes in the pH 
of wet deposition. In the absence other data, the changes 

can be to be proportional (i.e., if the pH of wet 
deposition falls x% then the pH of intake water falls! x%). 
We emphasize that this relationship should be reviewed and 
modified as data analyses become available (pg. 5—37). 

A quantified relationship between chemical additives (e.g., 

soda ash) and water pH (or between alkalinity pH) is 

needed to calculate incremental chemical requirements for 
water treatment systems. However,, no single relationship is 
appropriate for all Ontario systems. The feasibility and 
cost of determining such relationships for each treatment 
system should be further explored with the Drinking Water 
Section of MOE. Once these relationships are specified, the 

volume' of incremental chemical requirements can be estimated 

and costed '(pg. 5—38). 

The model should concentrate on incremental costs to existing 
water treatment systems. Because this approach may 
underestimate total economic effect, an additional factor for 
chemical requirements at future treatment systems may be 
included, but should be activated by the model user. In 50 
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doing, the user must specify threshold pH level(s), below 

which chemical treatment is undertaken (pg. 5-40). 

It is recommended that the model not include the economic 

impact of acid deposition on private water systems (pg. 5- 

41) 

Historic Buildings and Structures 

A partial inventory of Ontario historic buildings and 

structures is available (pg. 5-41); however, MOE should 

monitor efforts by other parties (particularly Environment 

Canada) to develop a comprehensive database (pg. 5-43). 

Case studies of restoration costs for historic buildings 

and structures should be undertaken. The findings, however, 

should be presented separately from results of the computer 
model (pg. 5—44). 

7.6 Modelling Environments 

Based on criteria of accessibility, reprogramming 

requirements and costs, it is recommended the model remain on 

the IFPS at the Downsview computer, but with two amendments. 

First, a computerized geographic infonation system (GIS) 

should be used to improve data management. Second, the model 
should be available on a PC version of IFPS (pg. 6—8). 

The GIS should be used for both data input and display 
results with data transfer to and from the model (pg. 6-9). 

Funds and time allowing, the computer code should be 
rewritten to facilitate use by, computer novices and, more 
importantly, to significantly enhance maintenance (pg. 

6—8) 
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7.7 Further Tasks 

The following must be completed in order to produce 
results from the revised model: 

1. Choose and introduce a geographic information system 
2. Collect necessary data and input to GIS attribute files 
3. Make changes to computer code to include revisions 

outlined above and transfer the code to PC-based! 
software. 

To include suggested revisions requires the foflowing tasks: 
identify growth rates and price proj ections! !for forestry 
and agriculture from macroeconomic models; 
determine fertilizer and liming costs; 
base the!! forestry economic component on the concept of 
Maximum Allowable (instead of Annual Allowable 
out); and 

collect data for the water supply systems component of 
the human systems model. 

The recommendations also call for more involved tasks such 
as: 

determining the relationship between delivered wood 
costs and potential forest yield; 
verifying economic life and exposure factors for 
materials at risk; 

case studies of restoration costs of historic buildings 
and! structures; and 

rewriting the computer code to improve model structure 
and facilitate its! maint!enance. 

Finally, MOE should monitor research an!d a! !ctivities of other 

parties. In particular, MOE should monitor and, when 
available, incorporate: 

scientific research into dose-response relationships for 
acid deposition, especially for forestry; 
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• efforts to develop an inventory of materials at risk 

(e.g., Leman methodology and prototype); and 

• efforts to develop a comprehensive data base of 

Ontario's historic buildings and structures. 

FOOTNOTES 

1. See Appendix B for a discussion of these recommendations. 

2. Impacts on employment will vary across sectors. In 
forestry, increased delivered wood costs may reflect 
increased employment as more manpower is required to fell 
a given quantity of timber. In agriculture, the MOE 
model assumes that harvesting and fertilizer application 
costs are not affected, so no employment impacts are 
expected in this sector. Increased frequency of material 
replacement will tend to generate employment in that 
sector. 
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APPENDIX B 

FRAMEWORK FOR VALUING TEE IMPACTS OF ACID DEPOSITION 

The MOE models contain two parts: estimation of biophysical 

impacts of acid deposition and economic valuation of those 
impacts. The purpose of this appendIx is to explore possible 

frameworks for the economic valuation of impacts. Three 

aspects of valuation frameworks will be addressed: 
• the definition of impacts; 
• of specific impacts to be valued; and 

• appropriate, theoretically correct measures of impacts. 

This section also offers recomnendations for changes to the 

valuation framework. 

5.1 Definition of Impacts 

Any project or change in the use of resburces generates two 

types of impacts. 

• Private imp! acts (costs and benefits) accrue to the 

proponent or agency which initiates the project. 

Private impacts include changes in revenues, costs, or 

profits that result from the project. 

• Public impacts (costs and benefits) are consequences 

imposed on individuals or fins not connected with the 
project! proponent (JDonnan, 1986). 

In assessing the impacts of acid deposition, the "project" 

may be considered production and release of acid gas 

pollutants. The costs of these pollutants are borne almost 

entirely by the public rather than by the emittors. The 

impacts of acid deposition, therefore, are considered to he 
public benefits or costs. 
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Public impacts can be categorized as: 

S financial impacts; 
S amenity impacts; 

. 
distributional and 5bocial consequence : 5 

Financial impacts capture the effects of acid deposition Qfl 

marketable resources (e.g., forests, agricultural products, 

buIlding materials) . Financial impacts can be measured with 
reference to market prices, costs of production, and 

quantities produced. inancial impacts can be calculated 
from the perspective of the resource owner/user or from the 
perspective of society at large. Financial impacts from the 
perspective of resource owner include changes in costs 
revenues, and profits. 

To calcula!te fin! !ancial impacts from the perspective Of 

sociEty at large requires three modification!! s to the !res!ource 
owner' s or! producerI s impacts. First, impacts on consumers 

must! be added. In economIc jargon, valuation!! from th!e 

resource owr!!!er or prc!duce!rls perspectivE! would include only 

producer surplus, while the societal perspective in!!!cludes 

both producer end consumer surpluses!. As Explained below, 

this distinction may be important w1:ere the impacts of acid 
deposition lead to changes in the price of the affected 

resource àr 

Second, market prices: used to estimate changes! in costs and 
evenues! from tie resource owner's perspective may- not 

reflect true resource costs, which is the appropriate measure 
from the perspective of society at large!. p!ossible 

adjustments to market prices -— comnonly referred to as 
"shadow prlcing" —— would account for taxes, subsidies, 
monopoly profit, and! resources. 

Third, !the!! choice of discount ra!te us!:ed to translate future 
impacts into present value tens may differ,. Conventional 
wisdom, supported by a fair:ly wide body of literature, holds 
that private (e.g., the resource owner's or producer's) and 
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societal discoun t rates will differ due to market 
imperfections and distthct influ ericing f a ctor s, Front the 

resource ' s perspectiv , the appropriate discou n t rate 
is the rate at which the resource owner may shift funds 
between time periods; that is, the market rate of interest. 
The appropriate discount rate, therefore, would be 
approximated by the corporate bond yield or commercial bank 
prime rate, adjusted f:or inflation. T:he choice of an 
appropriate social discount rate is significantly more 
complex in that there is considerable uncertainty in 
specifying a rate. in practice, a range of: social 
discount rates are tried (e.g.,, 5%, 10%, 15% as recommended 

in Treasury Board, 1976) to test the sensitivity of results. 

In environmental issues, a zero discount ra!te should also be 

tried for purposes of comparison (Page, 1977). 

Some resources and!! goods !that may be affected acid 
deposition have no markets, althcuigh they do have value to 
society. Among tJ!iese are wilderness resources, aesthetics 
(e.g., scenic views), avoidance of pain and suffering from! 

disease, and unique environmental features. The effect o:f 

deposition on the enj or use of non-marketed 

resources are! called amenity impacts. 

Amenity values include resources goods whose direct use 

does not !capture their full value. For example, it is likely 
that th!e people of Ontario value the preserzation of Canada's 

forest lands over above the commercial value of thos!! e 

]!resenation! values might be hel!!d by!! both present 

and future users non-users of th!e resource. Presenration 
value!!5 include: 

option values -— the!!!!! value over and above the value from 

the di!!rect use of the resource (called "exchange value") 

which a person places !Ofl the option of using the!! 

resource in the future, 
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Existence value —- the value over and above the exchange 
value and option value which a person places on the 

continuing existence of the resource for the benefit of 

future generations. 

Amenity values also include other "intangible effects, 

features, and consequences which people consider necessary to 

social, economic, and ecological well-being, as well as those 

which might otherwise be considered luxuries" (Donnan, 1986). 

In the absence of observable market prices, quantities, and 

costs related to amenity values, measurement of the impacts 

on these resources require other techniques. These 

techniques fall into two major groups: 

imputed market approaches; and 

non—market approaches. 

Imputed market approaches rely on surrogate markets related 
to the resources in question. Examples include assessing the 

impact of acid deposition on recreation sites through changes 

in property values or relating payments on life insurance 

premiums to the perceived value of life. Non—market 

approaches involve direct inquiry of individuals about the 
perceived value for a good or service. For some amenity 

values, such as existence or option values, direct survey is 

the only possible estimation technique. 

Distributional and social consequences of acid deposition 

include effects that are not captured by financial or amenity 

impacts. They include the effects on economic activity (as 

measured by employment and personal income), the distribution 

of impacts across groups in society, the impacts of changes 

in the resource base for single industry towns, with any 

associated dislocation and social upheaval. 

B.2 Impacts Addressed in the MOE Model 

Exhibit 3.1 summarizes the possible frameworks for valuing 
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EXHIBIT B. 1: P0851 BLE VALUATION FRAI4EW0RK FOR 

IMPACTS 

Own! er 
Perspective 

Societal 
Perspective 

not applicable 
(emittors experience 
little or no change 
in revenue or costs 
from acid deposition) 

- change in revenues, 
costs (calculated 
with a market dis- 
count rate) 

- change in! revenues, 
costs (shadow 
priced) 
change in consumer 
welfare 

- calculated with a 
social discount 
rate 

- non_marketed values 
AMENITY not applicable - intangibles 
VALUES - preservaticn '(option 

and existence) values 

DISTRIBUTION e.g., employment, 
AND SOCIAL not applicable community 
CONSEQUENCES dependence, 

dislocation 
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the impacts of acid deposition, as outlined in the previous 

section. 

The 1980 models measure public financial impacts. 

Documentation of the models does not explicitly identify 

whether these costs have been estimated from the perspective 

of the resource owner or from the perspective of society at 

large. Present value calculations are based on a discount 

rate of 5%, which is consistent with Treasury Board's 

recommendation for a lower—bound value of the social discount 

rate. Effects on consumers (i.e., changes in consumer 

surplus) have not been calculated as the model assumes no 

price changes will occur as a result of acid deposition. 

Finally, market values have not been shadow priced (i.e., 

adjusted to reflect true resource costs), possibly because 

significantly complicates the calculations and 

requires a substantial amount of data. The 1980 model could 

be considered a valuation of the public financial impacts of 

acid deposition as measured from the perspective of society 

at large under the assumptions that: 

all prices are constant; and 

market values adequately reflect resource values. 

Recommendation: It is recommended that the current public 

financial impact framework be maintained and that these 

impacts be calculated from the perspective of society at 

large. This approach requires estimates of effects on 

consumers as well as producers. It is not recommended that 

market values be shadow priced, as this would not be cost 

effective. 

Recommendation: Distributional and social consequences are 

often important criteria in evaluating government actions or 

projects. For this reason, it is recommended that key 
distributional and/or social impact indicators be considered 

for inclusion in the model. 

Two major indicators would be employment and identification 
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of single industry Identification of dEpen dent 
communities requires an analysis of structure of 

each comm unity. Em ployment impacts can, however, be 

calculated from aggregate industry data and output from the 
1980 model. on an important impact indicator 
could, therefore, be provided a!t a small marginal cost to 
)OE Otter distributional/social! indicators ar!e impacts on 
personal income and tax revenues. Impacts on personal income 
will be reflected i!n employment data; estimation of tax 
revenues reqtires a detailed analysis of profitability and 
marginal tax Estimation of these two indicators is: 
not considered t_effective for the MOE models. 

Recommendation: It is!! r!ec!c!mmend!ed t!hat employment impacts be 
estimated! and included in the nodel output. 

B • 3 Measures of Economic Welfare 

The preceding section !that! th!e models maintain the 
public financial impact frameworit, impacts are! meast red 
from the perspective! of!!! society at!! large!. The technical term 

for tt!:!e!se impacts is "economic welfare." The valuE! of gains 
or losses in! welfare are defined and! measured by 
changes in producer and consumer surp! us. Producer and 

consumer surplus are !expllan!ed below. 

Producer surplus is defined as t!h!e amount the! producer 
receives for a good over and above the minimum cost of 
supplying it. It is given'! as the distance between t!he supply 

and the cun!es or, in Exhi)! i!t j! 

2, th!e dis!tar!ce DF 
a!t 10 units. Total producer surplus is sum of 
corresponding dist!ar!ces for each ur!it produced or, i!n Exhibit 
B.2, the area! APE. 

Where a!ci!!d dEposition leads to an increase in costs for th!!e 

same amount produced!! (a!nd/o:r a decrease in thE!!! amount 
produced for a given cost) with no offsetting increases in 
market price, producersurplus This is 
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illustrated by a leftward shift in the supply curve fromS to 
S' and the associated shrinking of the producer surplus to 

the area BPG in Exhibit 3.2. The financial cost to the 

producer is the difference in producer surplus with and 

without acid deposition or, in our example, the area AEGE. 

EXHIBIT 3.2: PRODUCER SURPLUS' 

Price 

p 

B 

A 

10 
fluantitv 

units - 

Consumer surplus is defined as the difference between the 

maximum amount a person is willing to pay f or a commodity 

and the prevailing price. This is shown in Exhibit 33 as 
the distance CF for 10 units. Total consumer surplus 

(analogous to producer surplus) is the sum of the 

corresponding distances for each unit produced or the area 

PJE. 

In general, acid deposition is not likely to change tastes or 

the demand for a product; that is, the demand curve is not 

likely to shift. However, total quantity demanded, and more 

importantly, consumer surplus will be affected if prices 

change. In Exhibit 5.3, a price increase from P to will 

reduce total consumer surplus to P'JC. The loss in consumer 

surplus corresponds to the area PP'CE. 

SI 
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EXHIBIT B • 3: CONSUMER SURPLUS 

Price 

The possible impact of acid deposition on producer and 
consuier surplus jointly is illustrated in Exhibit 5.4. In 

this deposition is asaumed to reduce 
production levels f:or a given cost (i.e., the supply curve 

shifts from S to 5'). This shift increases the 

price (i.e., the price at demand supply in the 

market) from P to pP• 

The! original consumer surplus is shown by the area PE (in 
Exhibit 3.4); the new consumer surplus is the smaller area 
P'Jt. The loss in consumer surplus is PP'CE. The original 

surplus is show-n by the area APE; the new producer 

surplus, taking into account the shift in the supply curve 
and the higher price, is shown as the area 3P' C. The change 

in producer surplus t-he difference between these two 

areas. The magnitude of the difference will depend on the 

extent to which the higher price and, therefore, additional 

revenue on each unit (P!! '-P) offsets higher costs and lower 

volume; that is, the extent t-o which producers are able to 

pass on the effects of acid deposition to consumers. 

The change! to society is the sum of the following 

areas in Exhibit 5.4: 

S 

C 

P E 

D 

units 
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EXHIBIT B.4: PRODUCER AND CONSUMER SURPLUS 

Price 

3. 

P, 

p 

B 

A 

0 
QP 

Q Quantity 

St 

S 

D 
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— PP'CE (loss in consumer surplus) 

- APE (loss in producer surplus) 

+ BP'C (gain in producer surplus) 

The resulting area ABCE is the correct measure of welfare 

change due to acid deposition. 

There are two methods by which changes in economic welfare 

may ibe measured. The first requires knowledge about demand 

and supply functions, as well as shifts in supply functions 

and changes in quantities produced as a result of acid 

deposition. By modelling supply and demand functions, the 

analyst is able to simulate responses of both producers and 

Producer and consumer surpluses with and without 

acid deposition can then be explicitly calculated and 

compared. NAPAP in the United States used this approach in 

their 1H85 Assessment by accessing various (previously 

developed) sectoral models. A of similar Canadian 

models (see Appendix C) suggests that the necessary 

information is not available and/or cannot defensibly be 

integrated into the MOE models. 

Alternatively, changes in economic welfare may be measured 

from price and demand infonation using the following 

equation: 

Change in economic welfare = P(Q'-Q) + (TC-TC') + .5(P'—P) 

(Q'—Q) (El) 

where P is the initial unit price 

Q',Q are the volumes demanded/produced with and 

without acid deposition, respectively 
TCI, TC are total costs of production with and without 

acid deposition, respectively 

P' is the new price associated with Q'. 

The relationship of this equation to the area ABCE in Exhibit 

3.4 is: 
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equation equivalent area(s) 
P(Q'-Q) - Q'DEQ - DFE - Q'FEQ 

+ TC-TC' + OAEQ - OBCQ' + Q'FEQ - ABCF 
+ .5(P1-P)(Q1-Q) - OCE DCE 

= - ABCE 
(i.e., loss in economic 

welfare) 

The importance of the third ten, .5(P'-P) '(Q'-Q), depends on 
price sensitivity of the market. Where prices are not 
affected by changes in quantity produced, this last ten is 
eliminated. Conditions under which prices will likely not 

change include: 
institutionally controlled prices (e.g., marketing 

boards); 

small (e.g., less than 5%) changes in quantity; 

international or large markets where changes in domestic 

production are small relative to total quantity produced 

(i.e., producers face a perfectly elastic demand curve). 

Data required to calculate the change in economic welfare 
are: 

initial conditions (P,Q); 

total or costs with and without acid deposition; 

and 

an estimate of the new price P'. 

The first two data elements are available from initial 

conditions and/or biophysical impact infonation. 

The disequilibrium price P' can be calculated from an 

estimate of the (own price) elasticity of demand. 

Equation (Bl) is a general fonula for estimating the change 

in economic welfare. Under specific conditions and 

assumptions, this fonula may be simplified. Appropriate 

changes to the fonula for the assumptions embodied in the 

1980 MOE models are discussed in Sections 3.3.3 and 4.3.3 of 

the text for forestry and agriculture, respectively. 
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B.4 Substitution 

The measure of changes in economic welfare discussed 
above do not consider the possibility of behavioural 

responses to mitigate or avoid econimic efforts of acid 

deposition. The measures do not, for example, take into 
account substitution of hardier crop varieties or 
biogenetic engineering as alternatives to sensitive 

agricultural products. 

By excluding substitution, the measures discussed above 

will tend to overestimate economic impacts. 
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FOOTNOTES 

1. True resource costs refer to the "opportunity cost" of a 
resource Opportunity costs define costs in tens of the 
value of the best alternative use of the resources which 
must be foregone. 

2. Shadow pricing is not likely to be cost-effective in this 
context because: 

• it would infonation on component costs of 
production; 
it would suggest a degree of precision not warranted 
by other estimates in the model; and 

• the appropriate shadow prices may change over the 
long time horizon used to calculate impacts. 

3. The third ten, .5 (P'-P) (Q'-Q), measures the area DCE 
in Exhibit B.4 where demand and supply curves linear. 
It gives an approximate measure of the area DCE when 
demand and supply curves are non—linear. 

4. The (own price) elasticity of demand, (e) is defined as: 

e = percentage change in quantity 
percentage change in price 

Q 

As noted, Q, and P are available from initial 
conditions and/or biophysical impact infonation 
Therefore, P'.can be calculated as: 

percentage change = percentage change in quantity 
in price e 

AP 
Qe 

and P' = P + 
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APPENDIX C 

REVIEW OP CANADIAN ECONOMIC MODELS 

This appendix presents a review of existing economic models 

along with related studies and data sets. The purpose of the 

review is to identify whether the models can be used to 

improve the economic valuation of impacts in the MOE computer 

models used to estimate the biophysical 

on 

The 1980 MOE models calculate the financial cost of acid 

deposition as a. constant price multiplied by the change In 

output or yield, or as a change in production costs. The 

financial value- of acid deposition is estimated using 

forecasts of production in the absence of acid deposition. 

The production forecasts (in physical units) are based on 
extrapolations of past rates. Extrapolations for 

agriculture and forestry are based on different years: 

agricultural forecasts use production statistics for 1971 to 

1979; forestry forecasts use statistics for 1940 to 1966. 

Production forecasts in physical units are translated into 

economic values by applying forecasts of prices. Prices 

remain constant in the absence of acid deposition and the 

same set of constant prices is used to value production with 

acid deposition. 

Existing models are reviewed in this appendix in terms of the 

following criteria: 

1. The ability to provide defensible production 

forecasts in physical units, as well as forecasts of 

prices and demand (price times quantity) in the 

absence of acid deposition. 

2. The ability to provide information on demand 

elasticities (to allow predictions of price changes 

in response to changes in supply). 
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3. The ability to provide information on the position 

and shape of the supply curve (supply elasticities). 

4. The ability to relate biological factors to the cost 

of production and the quantity supplied 

(specification of production and supply functions). 

5. The ability to assist in calculating consumer and 

producer surpluses. (Criteria 2 through 5 require 

modelling of demand and supply functions.) 

6. The extent to which the model uses the best 

available data. 

7. The ability to extract model coefficients or to be 

linked or integrated with the MOE acid deposition 

models. 

8. The ability to provide simulation runs separate from 

those provided by the MOE models in order to assist 

in identifying the economic effects of acid 

deposition. 

The review of each model begins with a brief description. 

The interested reader is referred to the bibliography at the 

end of the appendix for more information on model purpose and 

structure. Only one macro—econometric model is reviewed. 

The remaining models are simulation models or models specific 

to forestry or agriculture. 
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CANDIDE AND OTHER MACRO 

The Candide model, developed by the Economic Council of 
Canada (Economic Council of Canada, 1985; McCrac}en, 1973; 
Zucker & Pao, Economic Council of Canada, personal 
comiunication) , is a general model that reprase nts 

most of: the major aggregates in Statistics Canada 
publications used by government departments for policy 
analysis. Because of its general orientation and the 

incorporation of some industry detail, Candide is much larger 

than most econometric models, with: 239:0 endogenous variables, 

825 stochastic equations 1050 endogenous inputs. 

Expenditure categories are substantially disaggregated. The 

170 or 50 final demand categories are converted into 
commodity requirements use in an input-output sub' model. 

The final demand categories converted, using the input- 
output tables, into industry outputs which are used 

simultaneously throughout the model. The input-output tables 

are also used in the price:: submodel for converting industry 

and import prices into final demand prices. 

The current version of Candide used by the Economic Council 

cf Canada is Candide model 3.0. It is estimate:d using time- 

sen es data from 1954-81 and uses the 1979 input-output 

table. Candid:e model 3.0 cai be viewed as collection of: 44 

well-articulated industry models, carefully interfaced with a 

traditional neo—Keynesian macro-economic model. Even though 
Candide model 3.0 is based on the IS—UI framework, it 

incorporates most the recent developments in macro- 

economics: government budget constraints, expectations, 

reaction functions, exchange rate, rounding out:, 

vertical Phillips Curie, supply constraints and so on. 

Although Candide con:tains some industry detail, the 

agriculture and forestry sectors are as single, 

homogeneous Therefore, no forecasts are 

available for subsectors within each industry. Because the 
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model is demand-led and macroeconomic in orientation, it does 

not provide information on the shape or slope of demand and 
supply functions (criteria 2 through 5 above). Candide's 
usefulness in the present exercise, therefore, is limited to 
providing national forecasts of demand, output, and prices 
for agriculture and forestry. Candide does not provide 

disaggregation beyond the national level. 

Because Candide's forecasts are provided by a macro model 
(and therefore take account of expected changes in population, 
employment, GNP, and technology), they can be used as 
benchmarks to modify forecasts provided by sector—specific, 
more disaggregated models. This technique represents an 
improvement over extrapolating past growth rates and assuming 
constant prices through time. 

Two macro—economic models developed from the original Candide 
model of the Council are available from Infonetrica, an 

Ottawa based consulting f in. The two models are called TIM, 
which is a national econometric model, and RIM (Regional 
Informetrica Model). RIM provides output for each of the ten 
provinces and both territories and develops projections to 

the year 2005 on an annual basis. The model is a long run 
model and is designed to examine trends in the economy as 
opposed to turning point variations within a calendar year. 
RIM generates output for up to 60 industries (depending on 
the province), approximately to the two digit SIC code level. 
The service sectors are not as finely broken down as the 
manufacturing sectors. The RIM model develops its provincial 
projections largely in a top-down manner. Projections for 
the provinces are constrained so that the sum of the 
provincial projections do not exceed the forecasted national 
totals. 

Candide and RIM projections should be relatively accessible. 

RIM simulations are actively marketed by Informetrica. MOE 

may wish to hold further discussions with Informetrica or the 
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Council to identify whether agricuiLtu re and forestry 

from Candide or RIM could be tailored to meet the 
needs of the MOE 

To the best of our k nowledge, Candide and RIM provide more 
industry detail than any other macro models !! ! in canada. 
with this detail, the two models satisfy only one or two of 
the MOE model requirements. For this reason, no other macro- 

models were reviewed in detail as part of this 

exercise. However, some discussions were held on the 
Conference Board models (Conference of Canada, 1983; 
cady & Rheaume, Conference Board of Canada, personal 
CO unication), 

The Con! !fere!nce Board's national macro—economic model, called 
Medium Term Forecastirg Model, provides quarterly forecasts! 

for up to but can provide projections for a longer 
period as as the usE r can provide values f or the 
exogenous variables (which number better than 1000). The 
model includes! 40 industries an!!!d provides separate for!ecasts 
for agriculture and me national model is 
a of models which encompasses essentially separate 

models for each province. 

The provincial models, called the Provincial Medium Term 
Forecasting Models (PMTFM!), embody essentially the same 
industry detail as the national model and provIde provincial 
forecasts which add up to the national aggregates. 
Therefore, like Informetrica RIM model, the Conference 
Board model of fers the advantage of providing separate 
forecasts for Ontario agriculture and forestry. Moreover, 
the Conference Board model appears to be less "top—down" than 
the RIM model • Once the national exogenous variables are 
Input to the provincial model, province has!! Its own 
behavioural equations that result in provincial projections. 
It appears that there is some simultaneity in the model that 

allows adjustments for provincial shares. (This impression 

:ust be confirmed through direct discussion with the two 
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organizations,) If projections past five years are needed, 

the user needs to provide values for the exogenous variables. 
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SERP 
'C 
1986) 

The Socio—Economic Resource Framework, or SERF, was developed 

by the Structural Analysis Division of Statistics Canada. It 

represents a new generation of the input-output models that 

have been the focus of the Division's program since it was 

established in 1973 (Hamilton et al., 1983; Hoffman, 1983; 

Statistics Canada, 1986; Hamilton, Statistics Canada, 

personal 

SERF is a computer based decision support system consisting 

of a family of models that can be used to simulate time 

structured scenarios of possible evolution paths of the 

Canadian economy and to identify sources of tension between 

the availability of and requirements for resources. Emphasis 

is placed on modelling the flows of materials and energy that 

are required to meet human needs and the processes that 

transform raw into finished goods. 

To the extent possible, flows and stocks are measured 

physical quantity units, and transformations are represented as 

relationships between input flows output flows in such a 

way that mass and energy principles are maintained. The 

concept of tension provides for disequilibrium between 

supplies of resources, energy, and labour, and the 

requirements for them. 

The strategy underlying the design of SERF is to link 

physical transformation processes uni-directionally only 

through the system as a whole. Strong feedbacks among 

processes are localized. This strategy assures some 

consistency among components, but the lack of feedback from 

downstream processes to upstream processes can result in. 

tensions or lack of consistency among components. The block 

recursive mathematical structure of SERF distinguishes it 

from macro-econometric models which are time recursive. 
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SERF consists of four blocks of physical transformation 

components. The demography component represents the basic 

demographic processes of population dynamics, household 

formation, and labour force participation. 

The consumption component represents the infrastructure that 

yields services required by society. It calculates the flows 

of goods, services, energy, and labour required to put 

infrastructure in place and to operate it. Emphasis is on 

the availability of stocks, not on measurements of the 

value of the flows. The household consumables subcomponent of 

the consumption component represents the use of goods by 

individual consumers on a flow basis. Items such as food and 

clothing are treated on a per capita basis, using age group, 

sex differentiated per capita coefficients. Other items are 

treated on a per household basis. 

The fabrication and assenbly component represents the 

processes that transform materials and primary energy into 

finished goods required by both the consumption and 

extraction components. It can also represent processes that 

transform waste flows into environmentally benign materials 

or reusable materials and energy. The underlying concepts 

are the Koopman's activity analysis and Leontief's input- 

output models. 

The material resources component represents the activities of 

exploration, extraction, and refining non—renewable resources 

as well as the management and harvesting of renewable 

resources. For renewable resources such as forestry, 

additions to the stock of producible reserves are the result 

Of growth; growth may be enhanced by forest management 

activities, but may be retarded by pollutants resulting from 

human activity. Land use and the evolution of land 

characteristics such as soil quantity and quality are 

accounted for in this component. 

The material resources component consists of five 
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pr !! energy, minerals, forest products, 
agriculture, and fish and wildlife. All of: the subcomp onents 

are supply driven in that planned production or capacity to 
produce are the main exogenous variables and are intended to 
reflect resource end!osnents. The planned is the 
driving variable for forestry; models representing forest 
inventory and forest have been developed, but not 
implemented. The agricultural subcomponent distinguishes 
livestock from land based crop activities. The driving 
variable is planned! production. More elaborate models are 

being designed and implemented for both agrIcultural 

activities, including a land based, crop model which keeps 

track of agricultural land use and the! evolution of soil 

quality. the material resource sub!comp!onents in 

SERF are in early stages of development, the subcomponent 
structure is viewed by the SERF developers as an appropriate 
framework for other models as they a!re 
developed. 

our review suggests that SERF will be of limited use in 
re!fining the MOE! model. SERF does not generate its own 
forecasts and projections, and therefore cannot be- used for 
demand projections. SERF! is physically based, and therefore 
lncorporat!es! no data on prices!, costs, or elasticities. 

Demand for consumables, for example, is! determined by per 

capita coefficients. However, once the material resources 

subcomponents are further developed, SERF could be used to 
simulate scenarios of the effects of acid rain on forestry, 
agriculture, and other sectors. 

SERF is:! relatively accessible. The framework is operated 

commercially at the tnivers! ity of Waterloo. DPA recommends 

that the development of SERF be monitored closely by MOE 
staff. SERF II should be available in less than a year. For 

the time being, however, SEJ!!Ff s direct applicability to the 

MOE mode!!l is limited. 



P0RcYTE (1983) 

The Fores Nu trient CycbIng and Yiebd Trend Evabuator 
(FORCYTE) is a forest management simubator designed to 
estimate the bong ten consequences of intensification of 
forest management for biomass yield, site nutrient capital, 

and the economic perfonance and energy benefit/cost ratio of 
management. The model was developed at the University of 

British columbia and can be accessed through the USC computer 

system 1985; Kimmins, University of BC, personal 
colnunacatlon) 

Designed originally to examine the biological consequences of 
biomass for energy programs in forestry, the model has 

evolved into a more general forest management siaulator. 

FORCYTE can be used species and site specific 
simulated managed stand yield tables for a variety of 
management scenarios, including initial planting densIty, 

spacing andi thinning, fertilization and utilization regtmes, 

and various lengths. 

Because of the: shortcomings of both empirical and process 
models, there: was a need for a hybrid model -- a model that 
included the predictive attributes of traditional empirical 
models, along with the abilIty to simulate the:! effects of 
management on the processes that detenine forest growth. 

simulates the accumulation of bionass in a forest 
corn unity over time, with feedback between nutrient 
availability and biomass. 

The model consists of two programs run The 

first program is an empirical yield model that uses Chapman- 
Richards growth equations fitted to data on the accumulation 

of tree s:tem volume, and on shrub and herb shoot biomass over 

time. The resultant data On biot ass accummulation, 

litterfall, and natural mortality are used t:o calculate total 

net annual primary production for the herbs, shrubs, and 
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I The jflcr I! ement data ar e use : as th 
driving fu nation f the secon d program. 

The second program uses the array of data as a 
driving function to simulate biomass accumulation. The 
program also simulates the three major pathways of 
cycling -- geoche'rrical, biogeochemical, The 
latter forms the basis for a simulation of soil nutrient 
availability, which is used as a modulator of the basic 
empirical patterns of est growth provided first 
program. 

At the start of a run, the user must identify the! initial 
condition of the simulated ecosystem, including the desired 
management scenario. The latter includes the economic and 
energy costs of all proposed management interventions, the 
economic and energy benefits of all harvested materials, and 
the planting, spacing, thinning, fertilization, utilization, 
and rotation length conditions to! be used in the run. 

Simulations produced by the model suggest that, in tel s of 
total biomass production, the 60-year complete 
tree utilization, heavy thinnings, and heavy fertilization 

provide thea! best! performance. Production is especially 
sensitive to fertilizer treatments. 

Because FORCYTE focuses on production supply, it cannot 
provide production forecasts and information the shape of: 

the demand function (criteria 1 and 2 in the Introduction). 
The model could, however, be helpful in determining the shape 
of the supply curve fo] different forest species in the 
absence of acid rain and the extent to which the supply curve 
shifts inward because of the above-ground and below-ground 
effects of acid deposition. Because the model is 

ecologically based and includes an economics package, FORCYTE 

could also be useful in determining link! s between biological 
factors, physical production, and the cost of production (at 

different with and without acid deposition). 
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Because of FORCYTE's structure, it is doubtful that equations 

or components of FORCYTE could be used unchanged in the MOE 

model. A more likely approach would be to use output from 

simulation runs to develop relevant equations for the MOE 

model. This approach must be explored in more detail with 

UBC staff responsible for operating the FORCYTE model. 
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MODIFIED TIMBER MODEL 

This model is described in Walker & Lougheed (1985) . The 
report prcvides a description of how a quantitative tiitber 
management planning model was used to design str ategies for 

the manage ment of a 195,000 ha New Brunswick forefl of mixed 

public and private ownershi -p. Forest man agers were con !! cerned 
about the possi bility of a future wood fibre shortage in the 
area and needed a method to examine the na!ture of this!! 

possible in terms of their! relative preferences for 
achieving higher!! harvest volumes versus lower management 
costs. This need was! met through th!!!e development of a Set of 
timker management strategies which defined a!! lternativE! 
harest volume/minimum production cost cot promises. 

The area' s forest st!!!ucture, alternative stand level regimes, 
forest ta!nagement preferences, an!!d government 
requirements were expressed as: a se!! ries of stand man!!!a!!g!!e=!m!e:nt 

alternatives, okiectives, and constraints within a modified 
ve:rsion of the Timber Resources Allocation Method (Timber 

model. programming problems defined in the 
model contained 3,700 variables and 108 constraint functions. 
ThE! nodel results indicate!d the maximum! volume obtainable 
from the district f!!or!est the minimum pr!oduction cost for 

achieving the harvest level, and the minimum_cost strategies 

for achieving progressively lower harvest levels. The 
results show that a 477 percent increase in harvest level can 
b!e!! achiEved for a 12 percent increase i!n average proäuction 

cost. Th!e model also i!ndicat!e!!s substantial differences among 

the associated timber management strategies. 

The!! report suggests that, b!!e!cause the!! modified Timber RAM 

model contains virtuz!!lly no da!!ta except that provided by 
users, the model may be readily applied to oth!!!er area! s 

and other forest q!!esticns. The implications for MOE, 

however, are that no equations from the R2!U!4 model could be 
added unchanged to the MOE model and the specificat!!! ion of 
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equations appropriate to the MOE model would have to be 

preceded by substantial data collection. The required amount 

of data assembly may be beyond the scope of the MOE modelling 

exercise. 

Alternatively, simulation runs from this version of Timber 

RAM or other versions used in British Columbia, Alberta, and 

Saskatchewan could provide information and test hypotheses on 

the shape and position of production and supply functions, 

and the responses of production and supply functions to the 

above-ground and soil impacts of acid deposition. The model 

would not provide any information on production forecasts or 

demand functions. 
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PEPA 

FEPA stands for the Fo Economics and Poiicy 

Project operated at the University of British 

The objectives of the project, supported mainly by the 

Canadian Forestry Service, include research and post- 
graduate education in analytical techniques. The core of 
FEPA's research activity is the development of a set of 
integrated, computer based analytical models for 

the dynamics of Canada's forest sector. The 

models are designed to identIfy patterns of change In 
resource supplies, manufacturing and markets, and to 
demonstrate the consequences of alternative governmental and 
industrial policies. The research program also includes a 
variety of special applications that complement the modelling 
ef fort. 

The models currently operated by the project were largely 
developed over a twenty year period by American researchers 
and are designed, to provide a comprehensive picture of the 
U.S. forest products industry. Most of these models are 
concerned with markets and trade and there fore contain price 
and income elasticities that could be used. to identify the 
shape and position of forest product demand functions. Our 
contact indicated the supply functions are more rudimentary 

their main purpose is to model the economic dimensions of 
the resOurce. Nonetheless, the we reviewed 
indicated the FEPA models could also provide some 
on supply elasticities. 

DPA two models used by FEPA (Lekawski & Nilsson, 

1985; Phelps, 1984; Uhler, 1985; D. Williams, FEPA, personal 

communication). The Timber AssesS! sment Model 

a spatial market equilibrium model designed to determine 
regional prices and trade flows in softwood lumber and 
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plywood in several geographical regions in North America. 

Canada is considered as a single region which is a net 

supplier of softwood lumber to the other regions. In TAKM, 

Canadian softwood lumber exports to the United States depend 

on the profit margin (price minus cost) and industry 

capacity. A Canadian version of TA}Th1 has been developed by 
FEPA but a comprehensive Canadian data base does not yet 

exist. Therefore, the original U.S. model in its unmodified 

form is, currently being used by FEPA in the project's policy 

analysis. 

The Pulp and Paper market model is a price endogenous linear 

programming model, designed in the United States to analyze 

the dynamics of pulp and paper supply and demand in North 

America. Similar to a Canadian version of this model 

has been developed by FEPA but a comprehensive data base for 

Canada does not yet exist. Therefore, the original U.S. 

version is being used by FEPA in its policy analysis. 

Until the Canadian versions of these models are fully 

operable, MOE will need to address the question of whether 

demand and supply elasticities developed from the U.S. data 

can be used in a Canadian model. Our current thinking is 

that U.S. based elasticities could be used in the absence of 

Canadian based parameters, but this hypothesis requires more 

detailed investigation. 



C- 17 

Consumer tern : and for Major Foods in canada (Ha ssan & 

Johnson, 1976) 

The purpose of this study was to provide estimates of the 
consumer demand for food commodities. Subsidiary objectives 

were: 

• to provide a review of modern demand theory 
• to provide estimates of elasticities for major food 

products 
to present a full system of demand parameters for food 

• t!o provide an assessment of 

the full demand system and to! indicate possible methods 
of using such estimates in forecasting and decIsion- 
making. 

The study provides a full system of price and income 
elasticity estimates for 27 foods.! It also provides cross- 
price elasticity estimates, a synthesis and of 
these estimates with others available for the US and 

a section devoted to the! development of an integrated 
framework for using th!e in projEctions and policy 

T!!he! results! cove!!r !th!e foflotdng meats 
and poultry, dairy products, fats and oils, fish, eggs, 
cereals, beverages, sugar, fruits and vegetables, and other 
food 

Demand functions are estimated for 27 food commc!dities using 
data fr!om Si:atistics Canada, The quantity demanded 

of a speci±!ic commodity is seen as a! function of per capita 
d!isposz!!ble income (in current dollars), the price of the 
commodity, and the prices of oth!er commodities. 

prlc!es are considered explanatory variables i!n the model!! 
specification.! The authors admit this involves a limiting 

assumption. In most ad hoc investigations of 
markets, prices and quantities are usually s!!tr!!u!ctur!ed as 

jointly determined variables. the!! curr!ent specific!ati. on, 



C-lB 

it is assumed the locus of equilibrium points, conditioned by 

other prices and income, traces out a demand function. This 

specification is rationalized on the basis of the importance 

of government programs in shifting supply, the influence of 

the larger US market in determining prices of food 

commodities, and the fact that Canada is a heavy participant 

in the international market for foodstuffs. 

Of particular interest to the MOE model are the three demand 

equations for cereals, fresh fruits, and canned fruits. 

Although the model builders were unable to develop 

satisfactory equations for fresh and canned vegetables, the 

study does report direct price elasticities for fresh and 

processed vegetables from a previous study. These 

elasticities were used to construct the demand model. 

Study results include the direct price elasticity, income 

elasticity, and expenditure share for each of 27 food 

commodities in the demand matrix, plus the cross—price 

elasticities between the 27 food commodities (incorporated 

into an elasticity matrix for food and non-food commodity 

groups). 

The results from this study could be helpful in refining the 

MOE model. The income, direct price and cross-price 

elasticities could be used to determine the shape and 

position of the demand curves for agricultural commodities 

included in the MOE model. Combined with income and 

population forecasts from other models (e.g., Candide, SERF, 

and the demographic models of Statistics Canada), these 

parameters could also be used to develop production and 

demand proj ect ions. 

The demand model developed in the study also has some serious 

limitations. The equations are developed for highly 

aggregated commodity groups, not for the specific categories 

included in the MOE model. It is not clear to what extent 

these highly aggregated results can be applied to the MOE 
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categories. The fruit category and the grain and forage 
greens category under the MOE model may correspond fairly 
well to the cereals and fresh! fruit groupings in the study, 
but the MOE! model encompasses six vegetable related 
categories compared to one grouping (fresh vegetables) in the 

Consumer Demand study does not: include 

any non_food agricultural prothicts such as tobacco which ar-e 

very important to Ontario agriculture. 

Another concern is that the equations are estimated from 
1950l972 data. Whether statistical relationships estimated 

from this!! period ar!e relevant today can be questioned. 
Finally, the study provides no infontation on the shape an!!!d 

positicn of supply fti 
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FOOD AND AGRICULTURE REGIONAL MODEL (FARM) 

The. FARM model is a quarterly model used by 
Agriculture Canada- (Agriculture Canada, Febru ary 1983 and 
March 1983). The model contains both demand and supply 
functions for 15 commodities in four groups: 

• livestock 
• grains oilseeds 
• dairy products 

• poultry- and eggs. 

Our review of the model d.icat:ed a number of limitations for 
use in refining the MOE: model. Most importantly, the model 
covers very few of the specific food categories included in 
the MOE model. The only area of overlap is.. in th..e grains nd 
.oilseed,s component. 

Additional problems were uncovered in a telephone interview 
the Agriculture ada of fic.ial responsible for th.e 

model:. 

The demand and suppl.y coefficients are estimated from a 
database! with 1976 as the teri.:inal year. Demand/supply 
conditions may .hav!e.! changed substantially sInce then. 

The model is short tenn forecastIng, an.d 

the demand coefficients are probably- inappropriate 
for long ten projections or for assessing the price: 
effects of long ten shifts in the supply function. 

One: a- rea i.n which FARM might be helpful is in the assessment 
of the shape and position of supply functions. The supply 

functions in FARM for the. crops most similar to those in the 
model (e.g., grains oilseeds) could be analyzed to 

see. whether th.e specification. of and coefficients from the 
supply e.quai..ions could provide some insights. This approach 
is recon...mend.ed only if information on specific crops In the 
MOE model Is not uncovered from another source. 
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CONCLUSIONS 

Exhibit I shows the eight models summarized in this appendix 

rated on a five—point scale cording to the eight critaria 
listed in the Introduction. The fiv it scale is as 
follows: 

H = High probability that the model can assist in 

refining the MOE model,. 

N = Some possibility the model can assist in refining 

the MOE mcdel, but more investigation is required. 

L =! Limited likelihood (or no potential) that the model 
can assist in refining the MOE model. 

U = Properties of the mo del in relation to this 
criterion are: unknown. 

NA = Not app!! licable. 

The results from this review are: not encouraging. None of 
models possesses blocks of equations that can be used 

without modification in the MOE model. In virtually all 

the information from these models takes the 
following forms: 

- individual coefficients and equations that could be used 
to develop similar equations- for the MOE model 

- simulation runs that could be used to identify 
and position of supply and demand functions and possible 
effects of acid rain on tbe position of supply functions 

— indepen!!dent simulations of the effects of acid rain 

- aggregate production, demand, and price forecasts that 

could be used as control variables on more disaggregated 

forecasts from less sophisticated models. 

Other limitations are that some of the more useful 
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EXHIBIT I: RATING MODELS ON EIGHT CRITERIA 

Criteria 

Production, Demand, & 

Price Forecasts 

Demand Elasticities 

Supply Elasticities 

Relate Biological Factors 

Calculate Procucer and 

Consumer Surpluses N 

Up- to-Date Data L L 

Accessibility 
H H 

Separate Sintlations L L 

Only after further developlmnt of SERF. 

User must supply the data. 

Candide RIM SERF FORCYTE NB Forest 
Consumer 

FEPA Demand FARM 

H H L L 

L I. L L 

L L N1 H 

L L N1 H 

L H 

L H 

H N 

H L 

H N 

H H 

L N 

H 

L L L :M N H 

2 2 
N H H NA NA U 

H H H N N N 

N :N N N N U 
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agricultural models areS !out of date and no single model can 
provlde useful information on producer and 
surpluses. This is because models are either demand led or 

oriented. To estimate possible effects !Ofl producer 
and consumer surpluses, MOE must collect and compare! 
information, coefficients, and outputs from different models. 

The final concern!! is tha!t information on supply functions for 
agriculture appears to be limited. The arguments contained 
in the Consumer Demand study of Agriculture Canada regarding 
food supply i!n!! !t!his! country may offer some guidance in 
looking at supply functions! for the MOE modEl. 

We suggest the!! following steps may hold the most promise: 

(1) Use the nationa!!! forecasts of production, demand, 
and prices from Candide or RIM as controls on 
forestry and agriculture forec!asts f! sp!ec!i!fic 
categories and/or whEther the Ontario 
forecasts from RIM! or the Conference Board can be 
used directly in the MOE model. More! detailed 
forecasts! be developed from the Consumer 
Demand study and FEPA. 

(2) Use elasticities! f!rom the Consumer study and! 
perhaps the!! mo!!del to a!!! in identi!fyin!g 
demand functions f!or products. 

(3) Use elasticities from FEPA to assist iT! 

demand functions for forestry, 

(4) Use FORCYTE, the Modified TimbEr !mod!el and 
perh!aps the FE?!!A models as sources to identify 
supply functions., 

(5) Use Candide !an!!!d SERF revised version) to 
conduct independent simulation run!s on the 
of acid! rain. 
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These steps will require detailed discussions with the people 

responsible for the models before the information can be 

incorported into the MOE model. The final question is 

whether the effort needed to refine the economic evaluation 

techniques of the MOE model is cost effective. This question 

must be evaluated within the context of the reliability of 

the environmental data and the magnitude of the environmental 

impacts. The effort could be worthwhile if the quality of 

the environmental data is high and the magnitude of the 

environmental impacts is significant. If these two 

conditions are not satisfied, extensive refinement of the 

economic valuation techniques by linking up with other 

models should perhaps be questioned. 
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People Contacted in Preparing Appendix C 

Person Agency Model 

Paul Arp University of Timber RAM 506_453_4501 New Brunswick 

John Cady Conference Board Conference 
613—526—3280 of: Canada Board Models 

Kirk Hamilton Statistics Canada SERF 
613—990—8585 

Bruce Huff Agriculture Canada FAR 
613—995—5880 

Hamnish Kint ins University of FORCYTE 
604—228—3549 British Columbia 

P.S. Rao Economic! Council CANDIDE 
613—993—1253 of! Canada 

Gilles Rheaume Conference Board Conference 
of Canada Board Models 

Doug Williams Forest Economics FEPA 
and Policy 
Analysis Project 

Dick Zuker Economic Council 
613—993—1253 of Canada 
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APPENDIX D 
ALTERNAT lYE ECONOMIC VALUATION POR FORESTRY 

The 1980 model assumes that acid deposition will not have any 
effect on the total quantity of wood extracted. It has been 
recommended that this assumption be maintained. However, as 

discussed in Section the volume of wood extracted may 
be affected where deposition has a sufficiently large 
effect on potential yield. With changes inS! total quantity of 
wood extracted, market prices will change. Under these 
conditions, the simple formula TC-TC', as! used in the revised 

model win bias estimates of changes in economic welf!an!! due 
to acid deposition. 

The of the bias arising f!rom the simple!! formula 

illustrated graphically! in Exhibit D.l. Under th!e! constant 
ql!antity the !change! in total economic welfare S 

the area! ABHET (see Section 3.3.3). With changes in quantity 
and price, howevEr, the theoretically correct mea!sure of 
welfare change -- in this case loss: -- is the area 
AECE, calculated using the !gereral formula: 

Change in economic welfare = + !(TC—TCt) (QI_Q) 

In this examplE!, TC-TC' will overestimate th!e economi:!c 

welfarE!! loss t!o forest_related impacts of acid deposition 

The magniLtude of the bias will depend on !the!! shapes of! !the 
supply and demand functions (and tl!XE! values of associated 

In this example, the b!! las is estimated as the 
are!a CHE 

If changes in total quantity !of wood extracted are introduced 
into the model, it is z!ecou!ended! that the formula TC-TC' be 
replaced with the!! general formula for estima!!tin!!g changes in 

economic welfare!. 

As: discussed in Appendix A, calculation of th!e 

component of the economic!! w!!-e!lfare formula requires a!!n 

estimate of the new price P'. The new price can b!!e 
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EXHIBIT D.1: CHANGES IN ECONOMIC WELFARE IN THE FOREST SECTOR 

Price 

p1 

P 

B 

A 

0 Quantity 

SI 

S 

D 
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calculated using an estimate of the (own price) elasticity of 
demand: 

Q elasticity 

PI = P + AQ 

A review of available Canadian models for forestry (see 

Appendix C) indicates that some estimates of the elasticity 
of demand for forest products are available. In: particular, 
the Forestry Economics and Policy Analysis (PEPA) project at 

the University of British: Columbia operates two forest market 

models. Both the Timber Assessment Market Model (TMfl:) and 

the Pulp and Paper Market Model incorporate demand elasticity 

estimates which could be extracted for use in the MOE models. 

There are, however, some limitations with these elasticities. 
First, comprehensive Canadian databases do not yet exist a!!nd 

U.S. estimates are used as surrogates-. th-e 

elasticities available !fr:om the models do not directly relate 

to the demand for roundwood. The TA}U4 model focuses on the 
demand for softwood lumber the Pulp and Paper 

Model on that particular market. Using elasticities from the 
models, therefore, assumes that the price/quantity 
relationships are the same for for 

roundwood. 

Based, on these limitations, that any changes in 
economic welfare (where there are changes in quantity) be 
measured with and without this final welfare component. As 
more refined and reliable estimates of elasticity of demand 
for roundwood become available, emphasis can be placed: 

on estmates of welfare change calculated with the general 

formula. 
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FOOTNOTES 

1. Changes in quantity will not always lead to changes in 
price Praces will not be affected when they are 
institutionally controlled, or in an 
international market where Ontario's contribution to 
total supply is small 

2. The term .5(P'-P) (Q'-Q) measures the area GrE when 
demand and supply curves are linear, the ten 
approximates the area when demand curves are non-linear. 
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Summary Classification of Heritage Buildings, 
1982 
Pub.ljcwork S Canada 

The following is a list of pre—1945 buildings 
owned by W e are reasonably confident that we 
have identified all such buildings, but due to the 
nature of our records a few pre—1945 buildings 
purchased after 1945 may have escaped our notice 
Since Newfoundland joined Confederation in 1949 a 

special research project is needed there, for 
which we h ave not found the resources. 

Where buildings on the list have ! been examined by 
members of the He Structures Unit, an 
initial classification has been given each 
building When a specific project arises 
involving a pre—1945 building Heritage Structures 
should be notified; further research may then be 
needed to confirm or modify the initial 
class if icati on. 
The Public Works! classification system assigns 
buildings to four: categories defined as follows: 

1. Important buildings have high 
architectural and contextual value, substantial 
social value and some historical interest They 
are of Provincial or greater significance. The 
exteriors of these buildings should, gradually 
necessary, be conscientiously restored, and their 
major interior spaces should be refurbished with 
strong historical concern. 

Important buildings are of such clear and 
outstanding merit that their destruction or 
arbitrary remodelling cannot be contemplated 
This may require the commitment of substantial 
resources, although maintenance can 
keep even these buildings in admirable condition 
at normal cost. 

2. 'Preserve' Preserve buildings have at least 
substantial architectural and contextual value, 
and modest social and historical value In some 
cases Preserve buildings may differ from Imoortant 
buildings only in that they seem to demand freer, 
less historical restoration In other cases 
Preserve buildings will be the sympathetic 
'background' buildIngs of a successful urban 
environment, of an historical orecinct 
for area conservation, or of an area characterizea 
by some unique feature or the presence within it 

of outstanding buildings 
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Preserve buildings, when due for capital 
investment and therefore going through the Project 
Delivery System, are so valuable that the 
Department will accept some increased comparative 
cost to recycle them. The exact amount will, in 

each case, be a matter for Executive Committee. 

3. 'Maintain' Maintain buildings have modest 
architectural, contextual, social or historical 
value, sufficient to warrant their preservation on 
a cost—effective basis. The Maintain category is 

also intended to acknowledge that certain 
buildings are of an age and style currently so 
unfashionable that it is very difficult to assess 
their true value. The dialectic of architectural 
development requires each generation to hold the 
work of the preceding generation in 
undiscriminating distain. In a modern 
technological economy, buildings "wear out" at 
precisely the same time they are least understood 
or appreciated. Where honest introspection 
suggests that the value of a building is being 
obscured by fashion or inter—generational 
competition, it should be assigned to the Maintain 
category, deferring final judgement to a time 
whose prejudices. are directed elsewhere. 

Maintain buildings which have already entered the 
Project Delivery System will be creatively 
recycled if the cost of doing so is the same or 
lower than the cost of building anew. The quality 
of this recycling will be governed by the normal 
design standards of the Department. 

4. 'Insignificantt Insignificant buildings have 
no perceptible social, contextual, architectural 
or historical value. 

Once it has been determined that a building is 

Insignificant it will be treated as a non—heritage 
building. 

In the Spring, 1982, Cabinet approved a Heritage 
Policy which applies to the whole Federal 
Government. The Policy sets up a Heritage 
Evaluation Review Office (HERO), which is charged 
withmeasuring the heritage value of all Federal 
property. Buildings more than 40 years old may be 
designated either "Classified" or "Recognized". 
"Classified" is the higher category, and contains 
buildings whose demolition or wanton alteration 
would be a gross violation of public policy; 
"Recognized" buildings are of sufficient status 
that great efeorts must be made to preserve them. 
HERO will be fully operational in the 1982, 

51x0l/06—82 
at which time the buildings on this list will be 
designated under the new system. We are entirely 
confident that "Important" buildings will become 
"Classified" and that "Preserve" buildings will 
become "Recognized". 
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There are 378 buildings on this list, of which 31 
are Important, 173 are Preserve, 102 are Maintain, 
22 are Insignificant, and 46 are not classified, 
usually because they were too remote to be easily 
visited. 

Gregory P. Utas 
June, 1982 
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Su minary Classification of Heritage Building 
1982 
Ontario Region 

We have identified 82 pre—1945 buil dings in the 
Ontario Region, of which 9 are Important, 34 are 
Preset- ye, 26 are Maintain, 9 are Insignificant, 
and 4 either have not been visited or have 
variable classification. 

Arthur, Ont. Federal Building, George Street. 
Ins ig nificant. 
A town with little architectural interest; a very 
plain, small, v aguely Art Deco post office I 

Old Post Office, Talbot arId Centre Streets. 1913. 
Preserve. 
Building has been recycled as town offices A 
pleasant variation on the Ewart Romanesque post 
office. 

Brantford,Ont. Federal Building, Dalhousie and Queen Streets. 
1913 Preserve 
A good Beaux—Arts Classical Ewart design, a ma:or 
monument in its street One of a very few still 

PWC hands, and now the only one like: it in 
On t a rio. 

Brighton, Ont. Post Office, Main Street. 1939. Preserve. 
A remarkably pleasant little town, thoroughly 
Streetscaped. Our building, mid—block, set back 
and much younger than neighbours has been 
transformed into a node in the streetscape plan 
Handicapped ramp very forceful. 

Brussels, Ont. Federal Building, Turnberry Street!. 1935. 
Insignificant. 
Typical two—storey "cottage style" post office, 
with no special importance to the town. 

Burford, Ont Post Office, King Street West 1914 Preserve 
Crisp, horizontal campanile—roofed variation on 
the Ewart post office. 

Burk's Falls, Ont. Post Office, Main! Street. 1935. Preserve!. 
A symmetrical Georgian one—storey façade in Public 
Works 1 usual manner of the time, in this case 
remarkably pleasant in a brown brick with yellow 
stone trim. The back half of the building rises 
to two stories to accommodate a caretaker's 
apartment In 1974 the building was extended to 
the rear, and the interior considerably altered 
The site is towards the middle of the main 
downtown block, and the building is set back from 
the street enough to accommodate Burk's Falls' 
memorial to the war dead This is the only formal 
building in this slightly bedraggled of 
900. 
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(Formerly Hespeller), Post Office, 74 Queen 
Street. 1929. Maintain. 
Angle corner, two—storey brick building on a steep 
site at the end of the old downtown, surrounded by 
churches, with a view to the water. 

(Formerly Galt), Federal Building, Water and 
Dickson Streets. 1936. Preserve. 
A very good freestone building; fine interior 
largely intact. The building is an excellent fit 
with the quite rich architectural legacy of Gait. 

Chesley, Ont. 

Cochrane, Ont. 

Collinqwood, Ont. 

Post Office, Main Street. 1911. Preserve. 
A romantic composition of the basic Ewart type, 
with a unique double portico arrangement. 

Public Building, Sixth Avenue, 1935. Maintain. 
A fairly large, scraped—Classical two—storey 
building in stone, somewhat like Kitchener, with 
much heraldic ornament hung about the façade. A 
mid—block site, with (in 1965) a theatre to one 
side and a bank to the other. Altered and added 
to in 1965. The original windows on the façade 
were removed. The drawing style of the original 
plans is not typical of Public Works, but the 
drawings are unsigned. Further research may 
reveal an outside architect. (Not visited.) 

Federal Building, 44 Hurontario Street. 1913. 
Important. 
A very active, full—blown Beaux Arts façade, and 
an interior decorating scheme using Caen stone and 
enriched elliptical vaulted ceilings. Front 
porches nicely repaired in 1960. The building is 
on a mid—block site in the centre of downtown, and 
seems quite small in context. But once discovered 
it is a compelling little gem in white 
glowing amongst its red brick neighbours. It is 
remarkably well preserved, although a few jarring 
alterations have occurred, such as the bland SO's 
service counter, and the suspended strip 
fluorescent lighting. Philip C Palm, of 
Collingwood, architect. 

Deseronto, Ont. 

5/xul/06—82 

Post Office, Main and Centre. Streets. 1900. 
Preserve. 
Not visited; a fine stone building in the manner 
of Thomas Fuller, known to us by reputation and 
photographs. 

Cambridqe, Ont. 

—2— 
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Dundas, Ont. Federal Building, 106 King Street West. 1911. 

Preserve. 
An interesting, substantial building in an 

important location. The area was under study as a 

conservation area; public interest was high. 

Dunnville, Ont. Federal Buildiflg, Broad and Chestnut Streets. 
1935. Maintain. 
A pleasant, domed, angle corner, vaguely Deco type 

in brick. Sympathetic to a pleasant but newish 
little town. 

flora, Ont. Post Office, 53 Geddes Street. 1910. Preserve. 
Very interesting stone Ewart type with tower, 

sympathetic to its location at the centre of a 

charming old mill town. 

Exeter, Ont. Old Post Office, 406 Main Street. 1929. 

Maintain. 
A pleasant, Classical variation on the small post 
office of its time, now recycled for town 
offices. 

Fergus, Ont. Federal Building, 229 St. Andrews Street West. 
1910. Preserve. 
A fieldstone Ewart type somewhat like nearby 
Elora. A major architectural event in a quite 
pleasing town. 

Forest, Ont. Federal Building, King and Wellington Streets. 
1939. Insignificant. 
Simple asymmetrical boxy building in an 
uninteresting town. Now rented to the town. 

Fort Erie, Ont. Federal Building, 55 Jarvis Street. 1936. 

Maintain. 
A scraped—Classical limestone building in a street 
of similarly scaled buildings in brick. 

Fort Frances, Ont. Public Building, Scott Street and Portage Avenue. 
1929. Maintain. 
A mid—size two—storey brick Geoegian/Classical 
building with a frontispiece in cut stone. 
Addition to rear, 1954. Pleasant in the drawings, 
but not special. Site purchased in 1912. (Not 

visited.) 

Gore Bay, Ont. Public Building, Meredith and Eleanor Streets. 
1930. Maintain. 
This is a small one and one—half storey brick 
"cottage" type post office of the period with its 

gabled entrance bay in the right—hand corner of 

the building. It is located on a fairly generous 
lot purchased in 1915. The value of the building 
will depend entirely on its relation to the rest 

5/xul/06—82 
of Gore Bay. (Not visited.) 
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Gravenhurst, Ont. Public Building, Muskoka and Bay Streets. 1926, 
1934. Preserve. 
A good standard post office, built in two stages. 
(Second storey and tower added in 1934). The 
clock tower marks the main corner of the town, and 
is the focus of the business district. The second 
floor is occupied by offices and a residence. 
Social heritage value very high: an essential 
building in Gravenhurst. Opportunity exists to 
participate in present (1981/82) downtown street 
rehabilitation with our prominent corner and need 
for handicapped ramps. 

Guelph, Ont. Dominion Public Building, 138 Wyndham Street. 
1935. Preserve. 
Moderate size, high—style Art Deco building. Has 
good colour and proportions, and a positive 
relationship with the street. 

Hamilton, Ont. Dominion Public Building, 10 John Street. 1935. 
Important. 
Our best Art Deco interior. Important to its area 
downtown. See Heritage Report. 

Hamilton, Ont. Postal Station 'B', 582 Barton Street. 1919. 
Maintain. 
An articulated brick solid quite suitable to its 
older working—class neighbourhood. 

Harriston, Ont. Post Office, flora and Main Streets. 1911. 
t4 a in t a in. 
A typical Ewart type in a pleasant small town. 

Kapuskasing, Ont. Public Building, 22 Circle Street. 1939. 
Maintain. 
A truncated wedge on an irregular site facing The 
Circle, this is a simple brick building, 
ornamented only with pattern brick and a 
galvanized iron cornice. Added to with some 
sensitivity in 1958. Lucien LeBlanc of Ottawa, 
original architect. (Not visited.) 

Keewatin, Ont. Public Building, 8th and Ottawa Streets, 1930. 
Maintain. 
This is a paradigm cottage—type post office, 
brick, one and one—half stories, with gabled 
projecting central entrance bay. These small 
buildings are generally modestly appropriate to 
the small towns they are found in, but offer no 
spectacular presence oe focus. Again, the final 
evaluation of this building will depend largely on 
its significance in Keewatin. (Not visited. 

5/xul/0 6—82 
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Kingston, Ont. Customs House, Clarence Street. 1856. 
Important. 

Kingston, Ont. Old Post Office, Clarence Street. 1856. 
Important. 
The two buildings and the park between form one of 
our most important complexes. See various 
Heritage Reports. 

Kingston, Ont. Caretaker's Cottage, Clarence Street. Preserve. 
This charming rough stone cottage is integral to 
the complex, and supports the two Important 
buildings. 

Kingston, Ont. Old Graving Dock and Pumphouse, 1889—90. 
Important. 
This site is leased to the City of Kingston for 
the Kingston Marine Museum. The dry—dock itself 
is a designated National Historic Site under the 
Historic Sites and Monuments Board. The attendant 
pumphouse contains original machinery of great 
technological interest. 

Kingston, Ont. St. Helen's, 440 King Street West. 1837. 
Important. 
This is a wonderful Regency villa in good grounds 
with some supporting buildings, all of which are 
included in the designation. Designated by the 
City of Kingston under the Ontario Heritage Act. 

Kirkland Lake, Ont. Federal Building, Kirkland and Duncan Streets. 
1935. 
Not visited; no classification. 

Kitchener, Ont. Federal Building, 15 Duke Street. 1937. 
Preserve. 
Medium size Art Deco building of some 
accomplishment, with very pleasant grounds facing 
Market Square. Grounds a needed relief; the 
building is now altered inside. 

Lakefield, Ont. Post Office, Bridge and Queen Streets. 1913. 
Preserve. 
Ewart post office with interestingtower. 
Supports neighbouring Town Hall. 

Leamington, Ont. Federal Talbot and Mill Streets. 1908. 
Maintain. 
Classical building with several good additions. 
Well located at heart of town. Grounds provide 
space for totemic tourist tomato. 

London, Ont. Dominion Public Building, 457 Richmond Street, 
1934. Important. 
A splendid Art Deco building, very important in 

5/xLJl/06—82 London, and nearly intact. See Heritage Report. 
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Lacknow, Ont. Federal Building, Campbell and Inglis Streets. 
1938. Insignificant. 
A very minor exercise typical of period. 

Mildmay, Ont. Federal Building, Main Street. 1936. Maintain. 
A happy, well proportioned, cottage-like post 
office in a cross—roads town. 

Millbrook, Ont. Post Office, King and Union Streets. 1939. 
Insignificant. 
Small, Deco-influenced post office in a minor 
town. 

Milverton, Ont. Riblic Building, 323 Main Street. 1914. 
Preserve. 
A typical Ewart plan with engaged corner tower, as 
interpreted by a Stratford architect, Jas. S. 

Rissel. Mid—block location. alterations 
recorded. (Not visited.) 

New Liskeard, Ont. Riblic Building, Whitewood Avenue and Paget 
Street. 1931. Preserve. 
A medium sized, two—storey scraped—Classical 
building with rounded corner, clad in tapestry 
brick. Added to with some sensitivity in 1968. 
Corner site, with a fair slope, and an elaborate 
corner entrance. fltt visited.) 

Newmarket, Ont. Federal Building, 180 Main Street. 1914. 
Preserve. 
A fine variation on the Ewart type of post office, 
on a steep site at the centre of town. A major 
landmark and necessary monument. 

Niagara Falls, Ont. Federal Building, Queen and St. Clair Streets. 
W29. Maintain. 
Scraped—Classical building of some pretension in 
an otherwise undistinguished downtown commercial 
strip. 

Nipigon, Ont. Public Building, Front and Second Streets. 1937. 
Maintain. 
A very ordinary small 'Deco' brick box, in three 
bays with central frontispiece. Added to in 1966. 
fltt visited.) 

Norwich, Ont. Federal Building, Main and John Streets. 1914. 
Maintain. 
Pleasant rectified Tuscan variation on the Ewart 
type post office, of which the tower survived a 

recent fire. 

S/xUl/ 06—82 
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Palmerston, Ont. Federal Building, William and Bell Streets. 1915. 
Maintain. 
A variation of the Ewart type with a quite baroque 
dome and lantern on the tower. Located in open 
lot off main commercial street. 

Parry Sound, Ont, Public Building, 70 James Street. 1931. 
Maintain. 
A three—storey brick scraped—Classical box with 
pedimented stone entrances. Added to across the 
back in 1957. It is a major presence in a rather 
undistinguished town, near the courthouse (quite 
pleasant) and the firehall. 

Penetanguishene, Ont. Post Office, Nain Street. 1931. Maintain. 
A Georgian brick box well located at the centre of 

this small village, and appropriate to the 
character of the street. Now rented to the local 
francophone association. 

Picton, Ont. Public Building, Main Street. (1900), 1949. 
Insignificant. 
This imposing, ornamented building, built under 
David Ewart but clearly designed in the manner of 
Public Works under Thomas Fuller, was erected in 

1900. In 1949 a substantial additon was built 
across the front of the building on land 
previously given back to the town as public space, 
which completely Obscured the original façade. 
The 1949 addition is typical of Public Works in 

those years, a rigid, uncomfortable Classicising 
design with tentative Modern detailing. Due to 
this addition the building has lost its otherwise 
considerable architectural value. 

Port Perry, Ont. Public Building, Queen Street. 1912. Preserve. 
A typical Ewart post office in brick with engaged 
corner tower. Recently renovated in response to 

local Occupies a good site, its tower 
visible from the height of land at the edge of 

town as one approaches along the highway. It 
accurately guides the visitor to the centre of 

town. A handicapped ramp has been added. 

Rainy River, Ont. Public Building, Fourth Street. 1937. Maintain. 
A three—bay, one—storey brick box with simple 
brick piers and a very slightly projecting 
frontispiece, and straight parapet, virtually free 
of ornament. Varies from the usual pattern only 
in that there is a short wing projecting to one 
side, making an ell at the back of the building. 
(Not visited.) 
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Sault Ste. Marie, Old Public Building, 690 Queen Street East. 1903. 
Ont. Preserve. 

Not visited; recently recycled; rated Preserve on 
documentary evidence. See Heritage Report. 

Seaforth, Ont. Post Office, Queen Street. 1911, Preserve. 
A massive, unique Ewart post office in sympathy 
with a fine street of Commercial Style and Second 
Empire buildings. 

Sioux Lookout, Ont. Public Building, Front Street. 1937. Maintain. 
A two—storey, brick, scraped—Classical building 
with pedimented central bay. Minimally ornamented 
stone doorways in the outer bays. A mid—block 
site. The second storey was extended over the 
full depth of the building in 1966. (Not 
visited.) 

Stirling, Ont. Post Office, North and Charlotte Streets. 1939. 
Not visited; no classification. 

Stouffville, Ont. Old Post Office, Main and Market Streets. 1926. 
Ins ignif icant. 
Now in private use. 

Sturgeon Falls, Ont. Public Building, 193 King Street. (1930), 1969. 
Ins ignif icant. 
The 1930 building was an uncomfortable brick 
Georgian Revival Building by P.J. O'Gorman, an 
indifferent architect of Sudbury. In 1969, a 

large addition was built, and the old building was 
radically refenestrated, stuccoed, and roofed in 
patent metal roofing. None of the original 
character of the building remains; this is still a 

significant site in the centre of Sturgeon Falls. 

Sydenham, Ont. Post Office, George Street. 1930. 
Not visited; no classification. 

Tara, Ont. Post Office, Main Street. 1938. Maintain. 
Curious but pleasant cottage with truncated hip 
roof. 

Thessalon, Ont. Dominion Public Building, 145 Main Street.. 1939. 
Preserve. 
A very small two—bay brick box with entry through 
a quite elaborate pedimented frontispiece. 
Remarkably pleasant. No evidence of alterations. 
(Not visited.) 

Thorold, Ont. Post Office, 18 Front Street. 1935. Maintain. 
Art Deco influenced building of some power in 
context. 
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Thunder Bay, Ont. Revenue Building, 201—203 North May Street. 1913. 
Preserve. 
A refined, distinctively Classical variation on 
the typical Customs Warehouse of the period, which 
makes an elegant contribution to Thunder Bay. 

Thunder Bay, Ont. Federal Building, 130 South Syndicate Avenue. 
1934. Preserve. 
A surprisingly full—blooded late Beaux—Arts 
Classical building, which makes a considerable 
contribution to its street. 

Tilbury, Ont. Federal Building, Queen and Canal Streets. 1911. 
Maintain. 
Typical Ewart post office with addition, in a 

modest town. 

Toronto, Ont. City Delivery Buildiflg, 16 Bay Street. 1939. 
Variable classification. 
This is quite a good Moderne warehouse type, with 
interesting bas—reliefs, in a bad location in the 
shadow of the Gardiner Expressway. Would be 
TPreserve' elsewhere. Final classification should 
depend on the situation at the time any change in 
use is contemplated. 

Toronto, Ont. Dominion Public Building, 1 Front Street. 1929. 
Important. 
An excellent exercise in Beaux Arts 
impressiveness. A major urban monument, tied 
visually to the Union Station to create a fine 
formal street. Currently being renovated. 

Toronto, Ont. Postal Station 'C', 1117 Queen Street West. 1902. 
Preserve. 
A simple, Classically proportioned brick mass 
suitable to its area. Recently recycled. - 

Toronto, Ont. Postal Station 'D', Keele and Annette Streets. 
1935. Maintain. 
A plain industrial style building in a mixed 
area. 

Toronto, Ont. Postal Station '0', 765 Queen Street East. 1913. 
Preserve. 
A fine Beaux—Arts pile, richly ornamented and 
formal, yet well—mannered towards an ordinary 
commercial street, now strongly ethnic. Building 
now rented to City of Toronto, apparently as 
storage space. 
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Toronto, Ont. Postal Station'K', 2384 Yonge Street. 1936. 
Preserve. 
Scraped Classical building with a fanciful 
entrance. The: ample site provides visual relief 
in Yonge Street, although a fence makes it 
inaccessible to use. The site of Montgomery 
Tavern, of Rebellion fame, is commemorated on the 
flagpole. 

Toronto, Ont. Postal Station 'N', 2930 Lakeshore Road. 1935. 
Maintain. 
A modest exercise in Art Deco. The interior is 

largely intact. Stands out in a non-descript 
area. 

Welland, Ont. Federal Building, King and Division Streets. 
1908, 1949. Preserve. 
Snail, urban Gothic building with a large Moderne 
addition on an intersecting street, but not 
contiguous with the original structure. The 
original part is 'Preserve' as part of the Welland 
Canal frontage. The Moderne addition has a 
certain interest as well. 

Wiarton, Ont. Post Office, Bedford and George Streets. 1926. 
Preserve. 
A rather Georgian, rock-face stone building of 
considerable grace. 

Windsor, Ont, Old Sandwich Post Office, 3201 Sandwich Street 
West. 1905. Preserve. 
An early Ewart building still strongly influenced 
by the memory of Thomas Fuller. The subject of 
much local concern. See Heritage Report. 

Windsor, Ont. Dominion Public &iilding, 185 O.ielette Street. 
1932. Preserve. 
An early high—style Art Deco building, with good 
coloured marble interiors, many original brass 
fittings, and a fine urban presence in a good 
downtown site. 

Windsor, Ont. Walkerville Post Office, 420 Devonshire Road. 
1914. Preserve. 
A very pleasant Classicising brick building, just 
up the street from the distillery that gives the 
town its name. 

Woodville, On-b. Post Office, King Street. 1939. Insignificant. 
Small post office of no distinction in a town that 
matches. 
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Summary Classification of Hertage Bu.ildings, 
1982 
Capital Region 

There are 105 entries in this summary for the 
Capital Region, representing more than 105 
buildings, of which 10 are Important, 59 are 
Preserve, 22 are Maintain, 4 are Insignificant, 
and 10 require further study before they can be 
class if ied. 

Athens, Ont. Post Office, Main and Streets. 1912 
Preserve. 
A fairly typical Ewart post office, in brick, 
with an unusual dome capping the tower 
liked in the community. 

Barry's Bay, Ont Post Office, Main Street (1938), 1962 
Insignificant. 
The original, uninspiring, building was stuccoed 
over in 1962, leaving the post office the 
plainest of white toxes. 

Cobden, Ont. Post Office, Eganville Road and Highway 17. 

1939. 
Not visite:d; no 

Renfrew, Ont Federal Building, Raglan Street 1908 
Preserve. 
A late modified Fuller—style building, 
prominently located at the head of the Street 
Nicely added to in 1956. 

Rockland, Ont. Post Office, Giroux and Laurier Streets. 1928. 
Not visited, no classification 
Rented to the Town of Rockland. 

Vankleek Hill, Ont Post Office, Main Street 1937 
Not visited;! no classification. 

Westport, Ont Post Office, Main and Spring Streets 1935 
Not visited; no classification. 

Ottawa, Ont EMR Complex, Booth Street c 1920—1940 
A complex of many modest bualdings of the 
Twenties and Thirties which needs to be further 
studied before classification. 
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Ottawa, Ont. Military Stores Buildipq, Cartier Square. 1900. 
Maintain. 
A pleasant brick building of concern in connection 
with the Drill Hall (DND) and the re—planning of 
Cartier Square. 

Ottawa, Ont. Old Normal School, Cartier Square. 1874—75, 1879. 
Important. 
This is an excellent work of architecture by a 
major Canadian architect. Historically interesting 
as the second Normal School built in Ontario. W.R. 
Strickland, Toronto, architect. Designated by the 
City of Ottawa under the Ontario Heritage Act. 

Ottawa, Ont. Central Experimental Farm, 1886 et seq. 
The C..E.F. as a whole is a heritage site. 
Historically and aesthetically it is significant; 
it is an important landmark and public 
educational/touristic event, and it will grow in 
importance as an "urban lung". 

Ottawa, Ont. Dominion Observatory, CEF *1. 1902. 
Important. 
Studies for a Royal Observatory date back to 1897, 
and construction of this building began in August, 
1904. In 1907, the west wing, called the Transit 
House, was added. The interiors have been 
frequently altered since, but the exterior is 
largely intact. This is by far the best of the 
group of important public buildings built by David 
Ewart during the beautification of Ottawa early 
this century. Nationally known, thanks to the 
late, lamented 9This is the Dominion Observatory 
time signal. The beginning of the long dash ...". 

Ottawa, Ont. Residence of the Dominion Astronomer, CEF #2. 1909. 
Preserve. 
A substantial, pleasant brick house, now converted 
to offices. 

Ottawa, Ont. Standardization Building, CEF #5. 1908. 
Preserve. 
A long, narrow building, with a gambrel roof, 
originally used for the standardization of steel 
tapes. A curiously effective building, for all of 
its simplicity and lack of architectural 
pretens ion. 
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Ottawa, Ont. Coelostat House, CEF #6. 1907. 
Maintain. 
A simple, functional annex in the internal angle 
of the Observatory. 

Ottawa, Ort±t. Geodetic Survey Buildipq, CEF #7. 1913. 
Preserve. 
A simple three—storey, red brick building with 
stone trim and entrance details making faint 
reference to the Observatory nearby. Important 
mainly for its historical association with the 
massive and technIcally very advanced mapping 
projects of the Federal Government. 

Ottawa, Ont. Azimuth Mark Hut, CEF #8. 1913. 
Preserve. - 

A small, octagonal stone pavilion, quoined and 
battlemented to within an inch of its life. 
Delightful. 

Ottawa, Ont. Photo Equatorial Building, CEF #9. 1913. * 

Preserve, - 

Originally the stellar camera hut, this is the 
azimuth hut plus a copper dome and stone lantern 
supported by dressed stone scrolls. 

Ottawa, Ont. ForQge Crops CEF #12. 1902, et seq. 
Maintain. 
This building began in 1902 as the four—room 
Laboratory No. 2, and grew like Topsy, with 
additions in 1917, 1927 and 1932. The 1932 
addition brought the building into line with the 
brick and half—timber vocabulary established the 
1920's for the CEF's laboratories and offices. 

'Ottawa, Ont. Storage CEF *13. 1932. 
Maintain. 
It looks as if this building began as an 
to the "Seed Selecting and Preparation Building". 
By 1946 it had become the Seed House. No further 
evidence has yet been found. 

Ottawa, Ont. 'Old Threshing Barn, CEF #14. 1924. 
Maintain. 
A simple one storey frame building. No good 
evidence. 
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Ottawa; Ont. K.W. Neatby Building, CEF *20. 1936. 
Preserve. 
The contract for this building, then the Records 
Storage Building, was let in August, 1936. The 
original part was a four—storey brick pile in an 
attenuated Collegiate Gothic, with considerable 
relief in the massing. An addition larger than 
the original building was built, evidently in 
1948, although in looks a little later. It is a 

typical bland proto—Modern Public Works design. 
The building now houses laboratories and 
offices. 

Ottawa, Ont. Cytogenetics Building, CEF *26. 1915. 
Maintain. 
This simple little brick box with bracketted 
eaves and suggestions of half—timbering in the 
dormers was built in 1915 as the Apicultural 
Building. It is one of the plain minor buildings 
which contribute to the atmosphere of the farm. 

Ottawa, Ont. Mouse House, CEF *27. 1915? 
Maintain. 
A simple clapboard shed, originally called the 
Honey House, and of an age with the Apicultural 
Building. No further information available. 

Ottawa, Ont. Animal Genetics Building, CEF *34. 1920, 1939. 
Preserve. 
A two storey brick building with a characteristic 
truncated hip roof. Built in August, 1920, and 
doubled in size in 1939. A very pleasant 
building, good brickwork, and, especially in the 
side elevation, reminiscent of early 20th Century 
English design. 

Ottawa, Ont. Service Building, CEF *36. 1917. 
Maintain. 
We have drawings of this building back to 1917, 
but there is some indication that it existed 
earlier. It was then a poultry feed house and 
cockerell house. It is frame, with clapboard on 
the first storey and shingles on the half—storey. 
This is the other unifying aesthetic vocabulary 
of the Farm, and dates back to its founding. 

Ottawa, Ont. Animal Genetics Annex, CEF *37. 1917. 
Preserve - 
This was built as a brooder house. The CEF 
typical vocabulary of low eaves, shallow dormers, 
fanciful ventilators, and the gable—like dormers 
at the ends of the hipped roof is here nicely 
displayed in a very simple building. 
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Ottawa, Ont. William Saunders Building, CEF #49. 1935. 
Preserve. 
This building in "a modern adaptation of Tudor 
Gothic", and the Neatby Building of a similar 
date suggest that the collegiate aspects of the 
Farm were uppermost in the minds of the designers 
at that time. Tudor Gothic is an appropriate 
style for serious buildings among a collection of 
"Tudor" half—timbered "cottages", of course. 
This building is quite pleasant, although skimpy 
in a typically 30's way. 

Ottawa, Ont. Main Greenhouses, CEF #50. 1915, et seq. 
Variable classification. 
The header house, heating plant, and central 
ranges were built in 1915, 1921, 1924, and 1931. 
The palm house was built in 1939. In the 50's 
the complex was rationalized and the number of 
greenhouses at least doubled. Greenhouses have 
been treated as semi—permanent structures, and 
were generally built from off—the—shelf 
components. The palm house, despite its fairly 
late date, is the most interesting and 
recognizable element. It is designated 
"Preserve" in its entirety and should be 
conserved and restored. Ornamental elements, 
such as the ogee curved vestibules and doors 
should be preserved, and moved, if necessary, in 
the further development of the complex. 

Ottawa, Ont. House, CEF #54. 1887. 
Preserve. 
This is one of four similar houses that were built 
for staff at the founding of the Farm. Our 
records are incomplete, and subsequent alterations 
make it difficult to determine which of the four 
this one is. In 1917 it was the Animal 
Husbandman's Residence, and in 1926 the residence 
of the Director of the Farm. 

Ottawa, Ont. Horticulture Building, CEF #55. pre—1917, et seq. 
Preserve. 
We have not yet determined the original date of 
this building, but we have drawings which by 
technique may go back to 1880's. It has 
always been known as the Horticulture Building, 
and is obviously much altered. 
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Ottawa, Ont. Packing Shed, CEF *56. c. 1918. 
Preserve 
The original plans for this building are undated, 
the second—storey was added in 1933, but adhered 
carefully to the established vocabulary of the 
Farm The building has a pleasant 
and is among the best of its type. 

Ottawa, Ont Dairy Technology Building, CEF *57 1920 
Ma i nt a in. 
Two—storey building, roughcast on frame with a 

(Bernese) gables. Not successful. 

Ottawa, Ont Animal Nutrition Building, CEF *59 1889 et seq 
Preserve. 
This was Laboratory No. 1 in 1889, but the 
original little building is no longer really 
detectable Additions 1912—16, 1924, 1936 and 
alterations since. 

Ottawa, Ont Animal Research Building, CEF #60 1889 
Preserve. 
This is another of the original four houses built 
in 1889 The plan shows portions which are the 
mirror image of Residence No 4 In 1917 it was 
the Dominion Cerealist's Residence. In 1926, it 
was the residence of the Dominion Animal 
Husbandman. 

Ottawa, Ont. - Arboretum Greenhouse (Virology Lab), CEF *73. 
(1889'), 1925 Prèiérve 
There is some evidence that this is the original 
greenhouse, but the earliest map we have does not 
cover this area of the Farm. The header •house is 
a modest clapboard shed of some pleasure. 

Ottawa, Ont Plant Research Building, CEF #74. 1924. 
Preserve. 
This is one of the few buildings on the Farm not 
much added to, and originally built to the brick 
and stucco vocabulary of the Farm. 

Ottawa, Ont Cereal Crops Building, CEF #75 pre—1917, 1926, 
et seq. Maintain. 
We have not been able to determine the original 
date of this building. In 1917 it was the 
Botanical Division, and in 1926 it was 
remodelled for the Bacteriological and Cereals 
Divisions, at which time the greenhouses were 
added Aesthetically mixed, its many acditions 
have not been as well handled as usual on the 
Farm. 
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Ottawa, Ont. Cereal Cleaning Barn, CEF #76. 1915. 
Preserve. 
A very fine building in the wood vocabulary of 
the Farm. Second or third among these buildings, 
after the Main Barn and, maybe, the Piggery. 

Ottawa, Ont. Pottery Shed, CEF #77. c. 1915. 
Maintain. 
A curious building obviously of an age with 
others of the shingle/board and batten type 
buildings, but no drawings or other evidence have 
been found. 

Ottawa, Ont. Cereal Barn, CEF *82. pre—1926. 
Maintain. 
Parts of this barn may pre—date the Farm. In the 
1935 alterations logs were removed, suggesting a 

fairly early technology. 

Ottawa, Ont. McNeely Residence, CEF *86. 1888, et seq. 
Preserve. 
This is one of the original four cottages built 
for lesser employees of the Farm. It most 
resembles "Cottage No. 1", but has been much 
altered, and not entirely sympathetically. 

Ottawa, Ont. Main Barn, CEF #88. 1887. 
Important. 
This is the central, identifying image of the 
Farm, and surely one of a very few architect— 
designed barns in Canada. Its original 
transverse arrangement of stalls was passing 
bizarre, but it was modernized in the sixties. 

Ottawa, Ont. Horse and Bull Barn, CEF *90.. pre—1917, 1929. 
Preserve. 
The original date of this building may be in the 
1890's, but this is unproved. We have a drawing 
for an addition in 1929 which brought the 
building to much its present shape. 

Ottawa, Ont. Calf Barn, CEF *90A. pre—1926. 
Maintain. 
This is one of the minor, movable sheds on the 
Farm. It seems to have been moved to this 
location in 1935, but its date of construction is 
quite obscure. 
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Ottawa, Ont. Main Piggery, CEF *91. 1891, 1935. 
Preserve. 
Here is something quite delighful: a very 
architectural pig sty. A simply massed shed, low 
to the ground, with just enough picturesque 
relief in the oversize dormers and, of course, 
vent ilators. 

Ottawa, Ont. Experimental Piggery, CEF *91A. No date. 
Maintain. 
A suitable adjunct to the main complex. 

Ottawa, Ont. Engineering Research Building, CEF #94. 1936. 
Maintain. 
This building follows the "rules" of the 30's 
aesthetic scheme for the Farm, but misses 
slightly through the choice of the wrong brick 
and stucco colour. The building initially housed 
a museum of agricultural implements on its upper 
floor. 

Ottawa, Ont. Large Animal Barn, CEF *95. 1916? 
Preserve. 
We have a drawing for a version of this building 
dated 1916. It is the only typical 
gambrel—roofed barn on the Farm. 

Ottawa, Ont, Carpenter Shop, CEF #98. c. 1916. 
Preserve. 
This building's original provenance is unclear; 
it was moved to this site in 1930 and set on new 
foundations. It is a fine composition in the 
board—and—batten vocabulary of its period on the 
F a rm. 

Ottawa, Ont. Plot Buildipg (Flax Mill), CEF *106. 1928. 
Insignificant. 
Two very fine wooden flax mills on this site 
burned in quick succession (1921 and 1925). This 
cinder block and stucco lump is the inevitable 
over—reaction. 

Ottawa, Ont. Old Flax Barn, CEF #108. 1918. 
Maintain. 
These small, pleasant sheds, have been 
particularly mobile, and we have little record of 
them. This one still is not very firmly attached 
to the ground. Since this and the tobacco barns 
(following) are pleasant and in the right design 
mode for the Farm, they should be preserved where 
at all possible. 
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Ottawa, Ont. Old Tobacco Barns, CEF #111,112,113, 1929, 1937, 
1938. Maintain. 
These buildings are all of the same design; at 
present we do not know which was built when, and 
it does not much matter. They do not follow the 
graphically excellent traditional pattern of the 
tobacco areas of southern Ontario, but are 
pleasant in their own rights. 

Ottawa, Ont. Booth Barn, CEF *118. pre—1926. 
Preserve. 
This barn is shown on a 1926 map in much its 

present shape, before the Booth Farm was added to 
the CEF. It is an interesting agglomeration of 

different farm designs and functions connected 
into a farm compound, a rare approach in Canada. 
May well reward further research. 

Ottawa, Ont. Central Heating Plant, Cliff Street. 1929. 
Insignificant 
Well—placed, inasmuch as it is virtually 
invisible. 

Ottawa, Ont. Laurier House, 335 Laurier Avenue East. 1878. 
Important. 
An historic site, traditionally under the care of 

the, Dominion Archivist. 

Ottawa, Ont. Old Molson's Bank, 14 Metcalfe Street. 1890's. 
Preserve. 
A handsome building in its own right, in a 

whimsical style now rare in Ottawa, which happens 
also to have housed Mackenzie King 's first office 
in Ottawa and the first offices of the Labour 
Department. 

Ottawa, Ont. Victoria Museum, Metcalfe Street. 1905. 
Preserve. 
One of Ottawa's major landmarks, and 
representative of the urge to make Ottawa "The 
Washington of the North". 

Ottawa, Ont. Old Registry Office, 70 Nicholas Street. 1872. 
Important. 
As one of the few typical Registry Offices left 
in Ontario, this building has Provincial 
significance. 
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Ottawa, Ont. Daly Building, Rideau Street. 1904, 1913. 
Preserve. 
Must be preserved for numerous reasons, outlined 

a Heritage Report. 

Ottawa, Ont. Conference Centre (Old Union Statich), Rideau 
Street. 1912. Preserve. 
The building is essential to Confederation 
Square, and is historically interesting, as well 
as being a handsome Beaux Art pile. Recyled. 

Ottawa, Ont. Government Guest House, 7 Rideau Gate. 1862, e t 

seq. Preserve. 
A pleasant house, lately recycled. 

Ottawa, Ont. Rideau Hall, 1838 et seq. 
Important. 
Architecturally Rideau Hall impresses not, but 
historically, of course, it rates high. The 
grounds and outbuildings are to be treated with 
equal sensitivity. 

Ottawa, Ont. Air Museum, Rockcliffe. 1940's. 
Preserve. 
A number of technologically important hangars 
survive, of which at least one must be 
preserved. 

Ottawa, 'Ont. Stornaway, Rockciiffe. 1914, 
Preserve. 
A handsome house, residence of the Leader of the 
Oppos it ion. 

Ottawa, Ont. Housing, 52—60 St. Andrew Street. 
Further study needed. Part of the Lowertown 
historical area. 

Ottawa, Ont. Post Office, 59 Sparks Street. 1938. 
Preserve. 
A fine Art Deco version of the style of the 
Langevin Block next door. to replace the 
original Ottawa Post Office, which was torn down 
to make Confederation Square. Some fine Deco 
interior elements remain, despite the rude 
introduction of "racing stripes11. W.E. Noffke, 
Ottawa, architect. 
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Ottawa, Ont. Hope Chambers, 61—63 Sparks Street. 1910. 
Preserve. 
This building housed Hope Booksellers from 1910 
to about 1955. This is an early work by the 
important Ottawa architect, W.E. Noffke, in which 
he is coming to grips with the needs of taller 
buildings. 

Ottawa, Ont. O'Brien Building, 65 Sparks Street. c.1875. 
Maintain. 
A narrow, typical, commercial Italianate 
building, possibly the oldest building on Sparks 
Street. 

Ottawa, Ont. House of Norcanno Building, 69—71 Sparks Street. 
1930's. Insignificant. 
It is unclear what might exist beneath the bland 
30's stucdo we now see. 

Ottawa, Ont. Saxe Building, 75 Sparks Street. 1910's 
Preserve. 
This building is very like the Hope Building, but 
has heavier detailing. Typical of its period. 

Ottawa, Ont. Blackburn Building, 85 Sparks Street. 1908, 
1913. Preserve. 
The building was built in three starting 
as a narrow, seven—storey hotel in 1908 and 
becoming prestige offices in 1913. A fine 
cornice has been removed, and the ground floor 
insensitively altered. 

Ottawa, Ont. Telegraph Building, 93 Sparks Street. 1871. 
Preserve. 
John Kelly was the "architect and builder" 
this fine stone building. The sculptural 
ornament is by William Hall Burns, who also 
sculpted figures on the Library of Parliament. 
First owner was the Montreal Telegraph Co. 

Ottawa, Ont. Birks Building, 107 Sparks Street. 1910's 
Ma i nt a i n. 
We have not yet learned very much about this 
dull, much—altered building. 

Ottawa, Ont. Florsheim Building, 109—111 Sparks Street. 
1910's. Preserve. 
This building has good Renaissance detailing in 

stone in the second floor, and more typical brick 
details above, suggesting that the building was 
added to. 
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Ont. Fisher Building, 115 Sparks Street. No date. 
Preserve. 
A minimally ornamented, dressed limestone facade 
is topped by a standard pressed—tin cornice, of a 

sort available by catalogue from the mid — 19th 
Century through the 1920's The building now has 
one of Ottawa's first modern shopfronts, 
installed c.1948. 

Ottawa, Ont. Bank of Commerce, 119 Sparks Street. 1922. 
Preserve. 
A handsome Beaux Arts "temple bankt' with a gaint 
Corinthian peristyle Designed by Darling and 

the bank architects of the time. 

Ottawa, ont. Bank of Scotia, 125—133 Sparks Street. 
1923—24. Preserve. 
Another Classical bank, a Renaissance base 
supporting a giant Doric order recessed in the 
facade. Designed by John M. Lyle, a very 
important Toronto architect. 

Ottawa, Ont. Bank of Montreal, 161 Sparks Street (144 
Wellington Street) 1930—32. Preserve 
This is a superb Scraped Classical/Deco Style 
bank, an excellent example of the bank style that 
succeeded the Classicism represented by the banks 
above Barott and Blackader, Montreal, 
architects. 

Ottawa, Ont Booth 165 Sparks Street Pre—1914 
Maintain. 
A very large speculative office building, typical 
of its time. It was always a rather plain 
building, and has been stripped of virtually all 
of its ornament. 

Ottawa, Ont. Slater Building, 177—179 Sparks Street. 1894. 
Preserve. 
One of three adjoining, delightful Romanesque 
ccrmnercial buildings, highly orramented, in good 
shape, and as a group, unique in Ottawa. 

Ottawa, Ont. Brouse Building, 181—183 Sparks Street. 1893. 
Preserve. 
The first, by a few years, of this group of 
Romanesque buildings Slightly less ornamented 
than the Siater Building, but no less pleasing. 

5/xUl/0 6—82 
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Ottawa, Ont. Stephens Building, 185—187 Sparks Street. 1896. 
Preserve. 
The third of this group, and equally fine. In 
1981 a new shop front, which purports to resemble 
the original, and fails, was built on the ground 
floor. 

Ottawa, Ont. Old Metropolitan Life Building, 189—195 Sparks 
Street. Preserve. 
A massive Beaux Arts pile with a sympathetic 
addition. Designed by D. Everett Wade of New 
York, 

Ottawa, Ont. Prime Minister's Residence, 24 Sussex Drive. 
1868, et seq. Preserve. 
A much—altered building of obvious historical 
interest. 

Ottawa, Ont. National Research Council, 100 Sussex Drive. 
1930. 
A solid, late Beaux Arts building of modest 
charms, now a landmark on Sussex. 

Ottawa, Ont. Royal Canadian Mint, 320 Sussex Drive. 1905, et 
seq. Preserve. 
Obvious social and historical interest, and one 
of a handsome group dating from the first 
conscious beautification of Ottawa. 

Ottawa, Ont. War Museum, 330—350 Sussex Drive. 1907. 
Preserve. 
Remarkably popular, apparently, but 
architecturally rather dependant on the Mint. 

Ottawa, Ont. LaSalle Academy, 373 Sussex Drive. 1849, 1852, 
1895, et seq. Preserve. 
A fine element in the "Mile of History". A 
pioneer recycling project. 

Ottawa, Ont. Connaught Building, Sussex Drive. 1913. 
Preserve. 
Held by David Ewart to be his finest work. We 
can at least agree that it is essential to the 
Sussex Drive processional. 

Ottawa, Ont Langevin Block, 50 Wellington Street 1883 
Preserve. 
The first public building "off the Hill". A 
handsome exercise by Thomas Fuller. Recycled. 

5/xtJl/06—82 
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Qttawa, Ont. U.S. Embassy, 100 Wellington Street. 1931. 
Important. 
A handsome building by an important architect, 
and home of the first foreign in Canada 
Cass Gilbert, architect. 

Ottawa, Ont Old Union Bank, 128 Wellington 1888—89 
Preserve. 
The last of the second Empire banks which once 
lined Wellington Street and provided a splendid 
fourth wall for the Parliament grounds. 

Ottawa, Ont - Victoria Buildinq, 138—140 Wellington Street 
f920's. Maintain. 
This is an oddity of a building, designed by J A 
Ewart. 

Ottawa, Ont Norlite Building, 150 Wellington Street 
Maintain 
Houses the Press Club and interview theatre seen 
by millions daily. 

Ottawa, East Block, Wellington Street. 1859 et seq. 
Important! 
The last intact member of the only architectural 
group in Canada to receive serious attention 
abroad before recent times, in addition to its 
other, more obvious, values. 

Ottawa, Ont Centre Block, Wellington Street 1916—27 
Important 
Seat of the Parliament of Canada. 

Ottawa, Orit. West Block, Wellington Street. 1859 et seq. 
Important. 
The interior of this building was mutilated in 
the 1950's. The exterior is Important. 

Ottawa, Ont - 
- Confederation Wellington Street. 

W2. Preserve. 
A fine late Cothicizing building which supports 
the Hill in exemplary in anner. 

Ottawa, Ont Justice Wellington Street 1935 
Preserve. 
Like the Confederation Building a superior 
example of architectural good manners. 

5/xlJl/06—82 
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Ottawa, Ont. Justice Wellington Street. c.1942. 
Preserve. 
A little gem of its type, which ought to be 

seriously considered for preservation as a 
memento of the nearly-permanent Temporary 
Build jag S. 

Ottawa, Ont. Supreme Court, Wellington Street. 1938. 
Preserve. 
An interesting compromIse of Classical and 
Chateau Style inspirations. Ernest Cormier, 
architect. 

Gatineau,Que. Post Office, 89 Maple Street. 1940. 
Not visited; no classification. 

Gatineau Park, Que. Kingsmere. Preserve,. 
GffIàiäl restdence of the Speaker of the House of 
Con.nons Closely associated with Mackenzie 
K i ng. 

Rouyn, Que. Federal Building, Perrault Street and Portage 
Avenue. 
Not visited; no classification. 

5/xLJl/06—82 
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PROVINCE TONS BUILDING 

NAME 

BUILDING 

CONSIDERED 
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CATALOGUE P5310 GE000DE 
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HAMILTON WATERWORKSI OLD BEACH PUMPHOUSE 

MCC(JESTON HOUSE! WHITEHERN 

SANDYFORD PLACE 

WHIIEHERN - SEE MCQUESTON HOUSE! 

BELLENUE! HOME OF SIR JOHN A MACDONALD 
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BUILDiNG 
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06107063000032 
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HSMBC POSITIVE RECOMMENDATIONS FOR ONTARIO 
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CONSIDERED NAME 

(INDIVIDUALLY) 2100 CABOT STREET BILLINTS HOUSE 
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ICOLLECTIVELY) U PARLIAMENT HILL PARLIAMENT BUILDiNGS 
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CONFEDERAT TON SQUARE 

(COLLECTiVELY) 32 ELGIN STREET CONFEDERATION SQUARE 

ICOLLECTIVELY) 555 MACKENZIE AVENUE CONFEDEFATION SQUARE 

IIKOTYIDUALLY) Li SUSSEX DRIVE EARN2LIFFE 

COLLECTIVELY) 92 PARLIAMENT HILL CCN:EDERAT1JN DUARE/ BUILO:NES 

INC K COLJ WELL:NSTOIJ STREET [L'NFELERATION ELARE! _ACEVIN 

IINCIVILALLY 33! LAURIEF- AVENUE EAST LAL'ER HJUSE 
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NCAARTIN HOUSE 
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POINT CLARK LIGHTHOUSE 

MACDONELL HOUSE 

C 

!S!702 5:C:t)5 

!6107!O440Cl:B 

if 

I0V12 

061'GYO205010051 

V :0âOOS0000u0465 

06151T002000I I 

Y 061570002000I I 

V O615700150C'GOiZ 

I 

I 

0600030000000'8 

0i60003,00000009 

10/08136 

HSM'BC POSITiVE RECTIMEtIDATOONS FOR 
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I INDIVIDUALLY I 

H!LL 

SUSSEX DRIVE 

SUSSEX DRIVE 

SPARKS STREET 
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MACDUNELL HOUSE! POPLAR HOUSE 

POPLAR HOUSE - SEE HOUSE 

KATIE RAILMAI STATION (Oh 

ST THOYAE CITY HALL 

STRATFORD NT? HALL 

SPOUT, EEOREE HOUSE 

CANADA OLD RANk OF SEE TORONTO FOST 

WAS COLLEGE STREET STORE! ROUNE ROOM 

EATONT COLLEGE STREET STORE! SEVENTH FLOOR 

AUDI TORIUN 

ELGIN THEATRE 

IINOIVIOUALLYI 411 SREEHFIELU STREET 

I INOIVICLALLYI 

I INDIVIDUALLYI 

LAKEHURST AND GAROEMS AT 

LAkEHURST ATE BIECHCROFT, GARDENS AT 

ETMATIMSER HOUSE 

06455999900001 

06I460010C032H 

06013000000035 

O6Ofl000000I2C 

06204000200t11 

062040L02)03) I 

T 

IOITI4TC TEE 

E6(OILOTNODUL 

OtTOIOITST :1:: 

T6ITIOI:! 

OH! PETROLIA 

UN! POINT CLARL 

DM1 POINTE FORTUNE 

DM1 POINTE FORTUNE 

Page No. 1 

IC/OS/h 

PROVINCE 10MM 

VIETOFIA HALL 

FOINT CLARK LIGHTHOUSE 

MACDONELL HOUSE 

HS8BC 

NAME 

PORT PERRY 10MM HALL 

RAILMAV STATIONS: III GRAND TRUNK LINE. STATION AT 

PRESCOTT 

OL40000200II I 

06012800000261 

06000300000009 

O6000I00000009 

CATALOGUE PHOTO GEOCOOE 

HSMSC POSITIVE RECOMMENDATIONS FOR ONTARIO 

snrted by town and building nan 

BUILDING ADDRESS 

CONSIDERED 

IINDIVIDUALLYI 

INDIVIDUALLYI 920 ST LANRECE STREET 

I INDIVIDUALLY) 

TITDILIEUALLY( 

IONDIYIDUALLN) 931 OUEEN STREET EAST 

BUILDING 

NAME 

PORT PERIl 113MM HALL 

PRESCOTT RAILIA? STATION (GRAND TRUNE) 

BE E CH CR OF T 

LAKEHURST 

DAKES HOUSE/OLD STONE HOUSE 

STONE HOUSES OLD - SEE CHARLES OAXES 

CAMPBELL-REID NOOSE — SEE 'LYNNMOOIK' 

LYNNWDODI CAMPRELL-REIO HOUSE 

SCHERTER ROLLINS LIFT BASCULE BRIDGE ([HO) 

SMITHS FALLS RAILWAY STATION CANADIAN NOTTHERNI 

IINCIVIOUALLYI 21 

I IND1VI OUALLYI 

(INITVIOUALLA( ST 

(INCIVIDUALL?) 3L5 

IIMDIV1CUALLTI I 

(IN0IVOUALLYI 96 

lAD IA IDUALL HI 

IINOIYIOUALLYI 20 

06105000100021 

06205000I000C1 

T6392999700CTI 

OHTGCTYL: UT 

LYNNI000 ATENUE 

ABBOT STREET 

TABTI FRET 

TOUN SQUAkE 

REVERT STREET 

COLLEGE SLEET 

COLLEGE STREET 

LTNNW000 (CAMPBELL - REID HOUSE I 

EASCULE ER1EGE (SCHEROER ROLLINS LIFt 

RAILWAY STATIONS: t!1) CANADIAN NORTHERN RA1LKA' 

STAT ION 

RAILUAT STATIONS: (F GRANC TRUNk LINE. rATION 

ST MAR15 

ST THOMAS CITY HALL 

STRATFORD CITY HALL 

PRONN ,&ESGE IHOUSE) 

EATTHE ROUND FCTM 

EATON ALDITORIUM - 7TH FLOOR 

IIND1VLDUALIII (PR HONE STREET VINTERGARDEN THEATRE) ELDIH THEATRE 



TNT TORONTC 

JUT TRCUTJ 

LNT TORONTO 

TORONTO 

TORONTO 

ON! TORI Nit 

OUT TORONTO 

TNT TORONTO 

TNT TORONTO 

ON! TORONTO 

'TNT TORONTO 

TNT TORONTO 

OWl TORONTO 

01ff TORONTO 

ON! TORONTO 

TNT W!LL IAMSTOWN 

ON! WILL IAMSTOWN 

ON! NILLIANSTOWN 

ONI WILLIAMSTONN 

TNT WiNDSOR 

IASSEV MALL 

METALL:!: ROOFING 

OG00LE HAIL 

ROYAL ALGIANIRA THEATRE 

SEVENTH POST OFFiCE SEE TORONTO POST OFFICE' 

ST LAHRENCE HALL 

TORONTO CITY HALL t COURT HOUSE1 OLD 

TORONTO POST OFFICE) OLD BANK OF CANACA' BLOB) 

SEVENTH POST OFFICE 

UNION STATION 

UNIVERSITY EOLLEGE 

UPPER tANADA, BANK OF WUILDINS!1, FORMER 

WJNIERSARDEN THEAtRE] YONSE STREET THEATRE 

YONGE STREET THEATRE SEE 'WINIERGARDEN THEATRE' 

YORK POST OFFICE, FOURTH 

HETHUNFTHOMPSON HOSE) WHITE HOUSE 

JOHNSON, SIR JOHN HOUSE) THE MANOR 

MANOR, THE 1ff 'JOHNSON, SIR JOHN HOUSE' 

WHITE HOUSE SEE 'IETHUNE-THOHPSON HOUSE1 

BASY, FRANCOiS HOUSE) WALKER HISTORJCAL 

MUSEUM 

{INOIYZOLALLW) TOT 

TNDIVIOLALLt) '173 

1181 

I INOIVIDUALLI! FIJI 

I INOIVIDUAL'LHI 

GRANGE, 

MASEE) HALL 

MEflLLT: GOOFU6 FflTES 

OS0000E HALL 

HOT ON LIST TO DiTTE 

I 

1154 

5I301402 

I 

V C610i016600015 

0610190720C252 

06IEOO4200iB9 

caic: 7042)0189 

0610199990,0005 

V 06006300000050 

0600 680000,0049 

0LDO6EOOC0049 

060065T0000058 

Na. B 

1 So 

PROVINCE TCWN StILlING 
NAME 

HSMRC POSITiVE RECOMMENDATIONS FOR ONTARIO 

SDCLed by! loin md building nse 

BUILDING ADDRESS HSMBC 

CINSICERED 
NAME 

CATALOGLE 

DUNEAS STREET 4EGT 

VICTORIA STREET 

flEET WET 

QUEEN STREET EAST 

KING STREET EAST 

QUEEN STREET WEST 

TORONTO STREET 

FRONT STREET NEST 

KINES COLLEGE CIROLE 

ADELAIDE STREET EAST 

YONGE STREET 

IINDIVI'IALLY) 157 

IINDIVIDUALLIP 63 

IIND1VIDUALLY) jQ 

IINDJYIDUALLYl: 65 

IINOIVIOUALLY) 15 

I1NDIYj1DUALLYi 252 

IINOIVIDUALLY) 189 

I INDIVIDUALLY) 

IINDIVIDIJALLYI 

I INDIVIDUALLY) 

SI LAWRENCE HALL 

TORONTO CITY: HALL AND COURT HOUSE, OLD 

TORONTO POST OFFICE) BANK OF CANADA BUILDiN6,OLT' 

RAiLWAY STATIONS: IS! UN1ON STATION 

UNIVERSITY COLLEGE 

HANK OF UPPER CANADA BUILDING 

WINTERGARDEN THEATRE) ELGIN THEATRE 

YORK POST OFFICE 

BETHUNE - THOMPSON HOUSE 

JOHNSON HOUSE, SIR JOHN 

EASY HOUSE, FRANCOIS, THE IIWDIVIDUALLY) 254 PiTT STREET WEST 



APPENDIX F 

REVIS IONS TO COMPUTER CODE 



F. 1 FOREStRY 
F—i 

*.***t*.*tfl* fl*****************************t*t*t**************$****** 
The data that appears in the computer code should be changed as 

outtined in the text of the report. The places the changes should be 
made are marked in the code. The recommendation numbers refer to 
recommendations in Section 3 of the tent, except where otherwise 

**t*tw*fl fl****t**4**************************************$**fl*****fl 
MODEL FORTI VERSION OF 08/04/82 12:36 

100 * 
* FOREST AND FURS R.C 

TEMPLATE MODEL 
110 t 

3 5 COLUMNS I 

I 
.1 - 

DPTI4 tIOJDUL ES L5QO- 
USER INTERACTION L4000- 
FfJL SOIL. ECONOMIC MODULES L5000— 
FURS MODULE L9000— 

DATA SET 

NOTE: PHEX IN USER INTERACTION MODULE 

FURS DATA SET 

TOTAL FUR HARVEST BASE YEAR (PELTS) 

* NBAIJ4NCE 

FHF'9a-'4, 09*KPOWERV 6) 
FHPS4=—3. 10,6) 
FHPSS=-2, 9Q*XPDWERV (10,6) 
FHPS6=—2. 68*XPOWERV (20,6) 

(10.6) 
.31*XPOWERYC1O,6) 

i 9*XPOWERV (10,6) 
FHPS1 C;=-2. 4$*XPOWERV (10,6) 
* 

..-..r * 
14o * 

ISCI * 

5'.:n.) * 
* 

sici * 
315 i 
520 * 
= 

s:tc, iic 

z 

* iCTAL FUR TARGET YR.2000 (PELTS) 
* 

t.IHT=0 

* 
* ALL SPECIES FUR VALUE CS) 

I. it 

* 

* 

* 

* DATA SET 

542 * 
545 
550 * 

..t._t 

557 
S 

57fl 

e,C)C) 

4 

0. . 

b4fl 
o45 

655 

665 
670 



F—2 

SUBSTITUTE 6INNAL MLLOWABLE CUT WUNITS' WITH MAXIMUM ALLOWABLE 
OEPLEMTIONS• (MADe HECTARES) DATA 

These figures should be adjusted for harvestable portion. 
Hs..rvestable portion parameter values should be input to data files. A 
default value of 1.0 should be used until data becomes available. 

8.) 

attWS a 

S ALLOWABLE CUT (CUNITS) 
'bSO * 

685 

FAACS3=0 

FAsCS3=0 
FAACE6t) 

77(a 
725 

FA,.sCS.i)=0 

* 

n***tfl *S****S*t*****L***t************$***S**********S***s******* 
UPDATE HARVEST'CUT DATA TO CORRESPOND TO MAD MANAGEMENT UNITS. 

:.iPin CU1 8': HECTARES AND CUNITS. (RECOMMENDATION 9.) 

ArTUAL CUT SAGE yEAR 1980 (CUNITS) 
43 I 

'50 FACBYS1=') 
"35 FACBVS2=r, 

e,5 FACBVS4C' 
FACBVSS=C' 

7"5 FACFA'Só=Cs 
FACBYS7=u 
FACBYSB=0 
FACBYSc=o 
FAiCB t'Sl 0=0 

9'.,'.) * 

305 .; TOTAiL PRODUCT:VE APEA (KM*KW 
IL 

820 * 
t CATION EXCHANGE CAPACITY (MEOI1OCn3R 

NEW SOIL? DATA 
Input new data 'rom Agriculture Canada soils map (see Section 

3.!.2). Map data should be input on a Geographic In+ormat3on System 
(Recnmmendation 2. Section .6 of tent). 
Ic * *. * SW St * I * * * * *4 S * * w *. I * * S * S * * * * * $5 S * S * * * * * * * * * * * * * * S S * * * * S S * t * * S 



F—3 

flS.PCEC=o 
Met 
94t S PJLILK DENSIIV OF FOREST SOILS (SRJCW1C$.Jr 
850't 
ass 
am t7IVt DEPTH OF C1fl 

SW) 4 

fl t Bt.5E SSTURATXON OF SOILS flt' 

#OV * ION CONC. FROM NITROGEN FIX'N. (MS/L) 

a*PO1,JERV 
* 

çn: w H+ CMEchVMEN) 

ltd-WI 
* PRECIFITATIcR4 R4TE 
S 

io:C' 
FPRXMSP*X 

iot#G 

ua' * 
1'etZ * EXCHANGEABLE CALCIUM CO 

3C*5 
;ofto * 

It NITROGEN t.t)AA tMEfl/MtM:} 
* 

7CCt' * 

ten 0 

1t*' * 

* ULFATE LC(ADTNG BASE YEAR (MEQ/M*M) 
t '2 

tt:. s 

40'sct 4 USER INTEPAC ION ItOLSE 
* 

(C I .OVSc 

S 

• 

EFFECTTNS EULIAR X AEDUCflQN IN ff4010. 
DUE tO PH 

* 

PILlAR X LOSS IN YIELD DUE TO t REt"N tN 
P.C. LWEA k LO7& 
4tr: 1 

t t NITRATE 



F—4 

432C 
Fttfl=$'HOW DOES i4C1D DEPOSITION VMRY OVER TIME: 1CONSTANI. 

2=PREV I JUS+FACTO P3, 3PPEV I ORZ& 
% 

(0 iF CCINSThNT, PROPORTION IF CHANGINW& 
414C' FDUMS1=CSCi4 • PREVIOUS + FACTX3 
S145 IftIS2CSO4 q PREVIOUS * FACTX3 

.EQ. THEN CSO4 ELSE IF FIQ .EQ. THEN tDUMS1 
ELSF 
4155 t NATLIRAL LOADINGS OF HYDROGEN AND NITRATES 

FPHEXN O.025119*PRX 
4J75 CSO4N = (FPHEXNi.2992)/O.50342 
4185 = I .4278*CSO4N+16.3128 

t TOTAL NITRATE LOADINGS 
a' 

421C' = + 1.4278t(CSO4EX-CSO4) 
4fl5 H'rDRQ6EN LOADINGS FROM ANTHROPOGENIC SOURCES 

FPHEY = PHEX — FPHEXN + .50432 * (CSO4EX - CSO4) 
FH' LEk=FFHEX 

r1ULT. H—ION- CONC. FROM NITROGEN FIXATION 

C" Fl- ICJ=FHIC!41*FHICNX 
tTC:RL. HYDROGEN LOADINGS 

44rt' 

— CHANGES TO DEPOSITION MODEL — 

numbers refer to recommendations in Section 2 of 
tne &e4t' 

nat,srai and anthropogenic separartion of deposition Jevels can 
Re:ommendation 1.) 

The data file should contain monthly data for each of the four ac"ic 
inns (hydrogen, sulfate, nitrate and ammonium) for wet and 

dr.. separately. New variables for nitrate and ammonium need 
to acidea. (Recommenøation 2.) 

Pa"- +oiar (above ground) effects, the four deposition variables 
hvdrcigen ion), CSO4EX ate ion), CNO3EX nstrate ion anD 

ion) should be calculated as the sum of wet deposition 
-or actIve growinç months iMay to October). (Recommendat]an 3.: 

9cq1 e+fects. the four deposition variables AP}-IEXA1 CSO4EXS? 
should be calculated as the sum of wet and dr. 

zlenoe: Inn ie..eis for all months of the year. A user—speci+iea 
should be introduced which prorates annual deposition; the 

ciefetult should be set to 65Z (Recommendations 3 and 5). 
- u;er—soeci+ic parameter should be introducec to allow 

abcne—cround h'droaen ion deposition (APHEX) to differ sci) 
The default should equate APHEX and APhEXS. 

ion 4.) 
user should not input aeposition levele which ]e outsicc 

. '). Tens recammennation '-oes 
to the code. 

t44; ' 4• 

'—. ic.. * 

c WILS ;1ODL:LE 

$ 



p F xl =7k 1 RANI) PER XL FFP N , FPR XH 
—"'-.r 

r C r r ): } — 5 )f}iL45 

FT 
FCDNL=FC.014A 
FOCS=FCONA 
FFHSA=FF HEX 
F C::OND =F DNA 

F 
4. 

XP:C±0F1 ION 3F TOTAL ALL. CUT TO 

F I 

F 

I 

- : Ftic-1CIOT 

!FCDNBtFOCS) ) *:FPHEX÷FCONC 
IF FPSX 
:EitP 0 

'=E HI—OWE- 1 3) 
C F!CCIT.=F H I :NA.FTPF: A*:F,L., *. xPOWER'r (10 7) 
P PLiT=FHJ CEX FTPFH*:XFC1WEPi Il 

(10, e 
= . P140 Nu7 FELJM / FOOl 

FL OH 1 CV' 
I. J—i jn, 

t fr r 'ri_us c 
Bt:CC) FL PH iEA *FNMX 1 

SPAS Ft IF FOiN.\ — GE 
5:ict FL'\N=-A.F FD*N/. . L F. 

FN=FF;'rN 

5 

B IL 45 
—7' 

F—5 

I OTLSLJN !l E—,rsC.5 1 THRU FAAG.S 1 C)) 

07 AL ALLOWABLE: CUT I N Cl_IN I TIE: 

SIPS. *. 

C; i 

C:, 

= 

SPECiES 44 

PRE.IOUS 
I L'S 

PREVIOUS FDFB4PLUS1 
PREVIOUS FDFSSPLUSI 
PREVIOUS FDFS6FLUS1 
FREY I DUB FDFS7PLUS 1 

PREY I DUB FDFSSPLUS 1 

PREY I DUB FDFS9RLUS 1 

PREVIOUS FDFE1OPLUS1 
*:FHFS1 ,PREVIOUS FDFS1*FHPS1 
*F}wr: FFE 'IDUS 41 

*FHPS3, PREVIOUS 0F3*:FHPS7 
PREVIOUS FDFS4*FHPS4 

W!FHPSS, PREVIOUS FDFSZ*:FHPSS 
*FHPSé., PREVIOUS 

FDFS*FHFS' 
*FHPSS, PREVIOUS FDFSS*FHPSB 
*FHFS9q PREVIOUS FDFS9*FHPSQ 

HVL. 0.: = FciAC5. I /FAACTOT) 
F AACLI ! FAACTOT 

VLV 7= 
1 4= FFsACS4 / FAACTOT 

F fr:: I ClUB 

/F AACTOT) *.FHFS1 PREY I OUS 
TE-IRL! FMLJLT 10) 

FOSPLUS 1 

FDFS1 O*FHPS1 C' 

FOLLOWING' LINES 5&I'S TO WITH NEW SOILS MODEL — n*. 

• 1708 THEN . 1408 ELSE Ft'YNX 
—. IT:'8 —_ IPC:FJ ELSE 
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56c5 Ft:V4.tFC:ONfl*FAL FtFCONE 
5&16 FDYNZ = FNVFA t CNfl3N 

FYNZ — W .GE. .1908 ThEN .1908 ELSE FD"vNZ 
F/N: = IF Fi'YNZ .LT. —.1908 THEN —.1908 ELSE FOVNZ 

**t*****$*$$$*4*$$*$flssn*n 
!4E'! OTLS MODEL! 

rhp part the same. 

FNO1=FTPFA*FCEC*FAD$xpQWERy (10,8) 
rNO3FPHEXE*FTFFMtXPOWERY (10. a) 
FDOI—FTPFA*FCEC4F'DENS*FAD*XPOWERV (10,6) 
FRSF'I..USl= FNOX—FNO3-FPSUM) /FDO1 

no term FNO2. This is the nitrogen term which 
'Recommendation 

T;*e the ir, potential yield a direct function of base 
'S#cu,.ntei,natton 4.: 

— 1 

Mncttv the relationship between nitrogen fertilization and cnarscle 
in ctrre'r,t annual increment 5). 

= .vC'll * (CNO3EXS + CNH4EXS 
FDvN = IF FDVN > .04t THEN .046 ELSE FDYN 

Bet tIe part to zero as approoriate parameters are not 
a.) 

= '.3 

Ton.] 

= + t FDVP 

* * a i: ,i. * * * ii' * *. * * * * * * * * * * * * * * * * * * * * S * * * * * * * * * * * )K * * S * S * *' * * )k * * S £ * * t 4 

rr 'n 
!"S * CrULTMR MODuLE 
571', * 

- 

a make all species the same tolerancee Make line 582Cr 
t:e came as line 5755. (Recommendtion 1). 

r,tercept of the o snot, 
eet t.c T 5. 2. This change is mace in the data 

* 
* 1. SPECIES 
* 

37!'.' FUPI I . a.2. 1) 



FIIRI2=tINIRAND(3.0*FPHSFEX.4.0*FPHSFEX) 
FPRPPI=IF FPHEX1 .LT. FUR11 THEN 100 ELSE IF FPHEXI .Li. FURI2 

THEN INTERPO LATION ON (FPHEX11FUR11q100qFUR12qO) ELSE 0 
58u0 * 

1 NTERMED I ATE SPEC I ES 
581') * 

5815 
5a2r, '3. S*FPHSFEY4 4. 5*FPHSFEX 

FFHEX1 .LT. FUR21 THEN 100 ELSE IF FPHEXI .LT. 
THEN INTERPO LATION ON (FPHEX1,FUR2I,l00,FUR22,0) ELSE C; 

5350 $ 
* 3. SENSITIVE SPECIES 

Ct, .• .40 - 

FW'32=Ut4IRAND t4. 1*FPHSFEX? 4.7*FPHSFEX) 
5FCi FFRPF=IF FPHEX1 .LT. FUR31 THEN 100 ELSE IF FPHEX1 .LT. FuR3a 
Tj-E1.' 3NTERPC LATION ON (FPHEXXqFURS1qSOOpFUR321O) ELSE : 

538, * 
582S t 

* 
TRIRAND(47$FEXPRF,51$FEXPRF,55$FEXPRF) 

FPLV1=TNTERPOLATION 
FPLY2=INTERPOLMTION ON(FPRPP2,0,0,75,FTR1,100,100) 

5''.' FPL13=INTERPOLATION ONCFPRPP3,0,0,75,FTRS,100, 100) 

e/")C) * 

* NEW YIELD IN TiME TT+1 ALL SPECIES (CUNITS) 
'p 

'15 FAC1S1*NFYN—FPLV1/100+1 
ci:2ia FAMCS2L1FAMCS2 r FAC1S2*C(FVN'FPLYl/lOO)+l) 

FAMCS3CI FAACS3 q FAC1S3$ ( CFYNFPLY2/100) +1) 
'.i'V' FHACS4C1=FAACS4 FAC1S4* C (FVN—FPLYS/ 100) +1) 

enf5 FMMCSSC1=FAACSS FAC1S5$( CFYhfrFPLY1/100)+1) 
FAACSoCS=FAACSo , FAC1SÔ$ ( CFVN-"FPLV2/ 100) +1) 

S.;45 FAACS7CIFAACS7 q FACIS7* ( (FVNFPLY3/100)+1) 
FMACSaC1=FAACSS FAC1SB* C FVN—FPLV3/100)+1) 

FAC1SQ* C (FYN—FPLV1/100)-'-l) 
q FAC1SIO*(CFYN'FPLY/lOO)+l) 

FAACSTOT=SUM (FAACSICI THRU FAACS1OC1) 
TOTAL FOREST YIELD IN CUNITS FAACSTOT 

1 1 PLUSI =FAACSI Cl /FAACSTOT 
11:5 Fr,FS2PLUS 1 =F AACS2C 1/F AACSTOT 

!' 

FrQ S4PLUG I =FM-iCS4C1 /FAACSTOT 
,:0 CDF SSFLUS1=FAMCS5C1 ,' FAACSTOT 

t125 /FAACSTOT 
rflF37PLU51=FAMCS7CI /FAACSTOT 

5 rr,FSBPLUS1=F,..ACSSCI /FAACSTOT 
a: 

F91"PLUSl=FAeCSIflCI /FAACSTOT 
4 

— REMOVE THE FOLLOWING — 

Remove lines 6155 — 6245 to eliminate the separation of natural and 
Anthr0000enic ettects , Sectton 2 c+ the text'. 



Fl 

* 

4 SuSTAINABLE YIELD WITHOUT NITROGEN AND FOLIAR EFFECTS FROM 
NATURAL SOURCE S 
n26(' FMMCSINF=FAACSI / (FYNZ+.1) 
43 FAACS2NFFAACS2/ (FVNZ+1) 

FAACS3NFFAACSZ/ (FYNZ+1) 
øj72 FAACS4NF=FAACS4/(FYNZ+1) 

(FVNZ+1) 
otSC' FAACS6NFFAACSS/ (FYNIt1) 
o185 (FVNZ+1) 
aISS FAACSSNF=FAACSS/ (FYNZ+1) 
bl9C' FAACS9NF—FAMCS9/ (FYNZ+1 
o19! (FYNZ+1) 

t SUSTAINABLE YIELD WITHOUT NITROGEN AND FOLIAR EFFECTS FROM 
NAT SflURCE S 

t WITH SOIL EFFECTS FROM HYDROGEN 
a:":'. FDYCPLUS1*FDFSI+1) * PREVIOUS FAC1SI 

F'-iCi 32FMACS2NF (FDYCPLUSI *FDFS2+1) * PREVIOUS FAC1S2 
o210 FAflS3FAACS3NF , (FDYCPLUS1*FDFS3+1) * PREVIOUS FAC1&t 

(FDYCPLUS1*FDFS4+1) * PREVIOUS FACIS4 
S!=FAAtS5NF ,FDVCPLUS1*FDFS5+1) * PREVIOUS FAC1SZ 

FhCISoFAAQS6NF CFDYCPLUS1*FDFSÔ+1) * PREVIOUS FAC1SÔ 
oflC' FAC1SThFAACS7NF ,CFDVCPLUS1*FDFS7+1) * PREVIOUS FAC1S7 
à235 FACISS=FAACSGNF FDYCPLUSI*FDFSS+I) * PREVIOUS FAC1SS 
624:' , FDYCPLUSI*FDFS9+1 * PREVIOUS FACIS9 

FACIS1OFAACS1ONF (FDYCPLUSI*FDFSXO+1) * PREVIOUS FAC1S1O 

'For aLl impacts not just anthropogenic, add to the 

FACIS1 = FAACS1 q PREVIOUS FACIS1C1 

For all species 

S tt** n***********************-***********************;K********** 
7flv)r'i 4 

S 

t FCONOMIC MODULE 
* 

tt$t$**w*flfl****************fl**E******t************$**;*****tt 

GROWTH RATE 
The growth rate FRG in line 7020 should be revised using output +rc 

the CANDIDE or RIM models so that production forecasts across sectors 
based otk a common set of macroeconomic assumptions (Recommendataon 

I 

*n rw * *.t**w*********•xc******w*********n*************zs**** srwwz 

FGR=. 
7CCZ Fl TMEY=3 

***tww**w**s***s***$$***$*$w*$******j**$*******t$*****fl*s** *(***S**** 

The chance tfl tut from one to the next 4cr all sOecies ahoula 
Dechancied as follows iRecommendation S.): 
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c:LtL: mi C cut 1 veer * cirowtn factor; 
,. ad MAD} 

iiihere amurn owabi e Depi eta on is adjusted for 
iC t. 3 c- ch t s ccrted i. u an esch - LLfl1 t 

When date becccre available1 a harvest factor -for each manacement urn t 
ercuJ. bet nout. to the data +i I es Until that t.i me. a defaLLi t um Om 

0 d be ud Ect 13 ne :Recornmendation 8 and Sect 3 on 

1 

JL. 4 

— —- I OH H I Fc-,CEvSl I' 

r—--i FOR Z3 3 *FTIMEX*FGF: 
=F * 1CH-FAi-CS1 

FEONT:.S I 1 ÷FACBYS 1 *.FT I NIEX _rr I —r i.OL—J..r 
F;-2Sl=lF L.E. 

.E0 
C-iF . GE. 20 THEN FAACS 1 

* ?%PECIES 2 
- F OH FTIME> I 

F 

3 52* 1C'±FAOS2 
°_+FriOB 132*FTIMEX 

:L52=ZIF LT. 
71:.: FPsYIS2 .LE. 
TI 

FT 1 ME>. GE - 0 THEN 

F 752=1 ION ON : FT I MEX, 1 FACBYS, 10, 
1C>ft FOR IuFAACS 

- ; F+_* 
- —I'; 

I FEE .}2S2=F fL OBYS3+FAOELISZ,tFTIMEX 
L CTh[F F-10h-E: LT F&st-iC8 THEN ELSE Fi52 

FHS THEN ELSE F5 
7 17:5 ElF E0. 0 THEN 0 ELSE IF 
Fob THEM ELSt FHr2S2 

* SPECIES 4 
- H' 014 1 FACF'154 I 

-3>4 FOR . U.. FAfALS4 
34-s-7*. 54—F 54 1 

I 

FEC u *FT I 
I FHE FHHCS4 THEN ELSE F rb-i- 

Ft,yi54 .LE. FNS4 THEN FAY1S4 ELSE F284 
FHChj54 .,EL 0 THEN C) ELSE IF FAtS4 .LE. 

.. GE. 20 THEN FAACS4 ELSE FAY2S4 
7745 i. GREG IES 5 

C = HitJ'FLL-iTlOH OH F"JtlE 1 

F FOR 

THEN FEQN2SI ELSE F'151 

FNS1 THEN FAY 151 ELSE FZS1 
C) THEN 0 ELSE IF FAY2SI .LE.. 

ELSE FAY2S1 

FAACS2 THEN FEQN2S2 ELSE FY52 
FNS2 THEN FAYIS2 ELSE FZS2 
0 THEN 0 ELSE IF FAY2S2 . LE. 
ELSE FAY2S2 

FAACS1 .AND. 

FAACS2 - 

- Ak!E. 

C 



4 :LST ION 

F—ID 

- LT. 

EEL 

FAIS:=FP-CE —FACB ?S5*FT1MEA *FSR 
F *:FACBYSS*. 1 0i-FAPCS5 

7:70 
FACSISZ FAACS5 THEN FEON2SZ ELSE FY85 

78u Frii2551F FNSZ THEN FATISS ELSE FIBS 
FAYSS= 3 F C) THEN 0 ELSE IF FACES LE.. 

RE. 2c' THEN FAMCSS ELSE FAY2SS 
SPECIES 5 

F EF.FOLATIOl'i I FE-OF' y55, it), 
FOR 

77J C' El Sb=FALBYS6±2* —FACB Y56*.FT INEX *FGR 
1 C :; i' So* 

7T71C I HEX 
LT. FAACS4 THEN FEON2S6 ELSE 

.LE FNS6 THEN FA'qlS6 ELSE FZSÔ 
7:7:5 ..EO.. 0 THEN 0 ELSE IF FA125o ..LE. 
P7 

. :F:. 2'.. THEN F4ACSé ELSE FAY2SS 
7 

1 879 10, 
FOR iu..FAACS7 
S7iC*: 87; *FSR 

7 T175 5:387 =FGP tFACSYS7 *: 1 O+FAACS7 
777'.: FED!' 
77:5: P57=15 FACBYS7 .LT. FAACS7 THEN FEQN2S7 ELSE FY87 
7750 FAY1S7 .LE- FNS7 THEN FAY1S7 ELSE FZS7 
7785 FACBYS7 SEQ.. 0 THEN C) ELSE IF FAY2S7 LE. 
FTIHEX SE.. 20 THEN FAACS7 ELSE FAY2S7 

*. SPECIES B 
74 : ON 'FTIMEX, 1, FACB'rSS, 10, FAACSB) 

F:58FX58 FOR Io,FAACSS 
741' 
7415 FNSE=FEF:*FACBYSB*10±FAACSB 
74Th FEC!Nfl8=F I HEX 
7425 FACBYSB ..LT FAACSB THEN FEON2SB ELSE FY88 
74.C' FAi'lSS -LE. FNSS THE FAY1SS ELSE FZSB 
74:5 FACEriSS ..EEL 0 THEN 0 ELSE IF FAY2SB .LE 
FTIME'. ..RE.. 1) THEN F4ACSS ELSE FAY2SB 
7445 A; SPECIES 5' 

ON FTIMEA 1 1t, FAACS9, 
7455 F FOR 10,FAACS9 

Fl ',FNSQ—FACB\'S9. —FAC}3YSflFTIMEX *FSR 
1C'+FAACSQ 

747 C' FEDN2S9=FACB'Y57÷FRCBYS9*FT I MEX 
54y LT 

74? FAY1SR ..LE.. 

7a95 F408v59 - EQ. 
FTT HEX RE. 2'i THEN FAiACS9 
74R5 * SPECIES 10 
7300 F '35.1 '..'=INTEH:F'OLATION ON ',FTIMEA. 1. FACBYSI0. 10. FAACS1O) 
SC'S Fv C' FOR IC).. FAAC.S1C) 

7251 '1FNS1C'—FACB'cS1W —FACBYSI'0*FTIMEx4.FSF: 
5 ENS FACRi Si C) * 1 CH-F 44081 C' 

EDN2S1 C'=F-RC..EAYSI '.i+FACB'; 81 i*FTI HEX 
75:5; 17:1 C'=IF FACBVE1O .,LT. FAACS1O THEN FEQN2SIO ELSE F 
767' FH';28.1C;=IF FAy1S1O LE. FNS1O THEN FAi1S1O ELSE FISiC' 

F4i'SI 1=IE - EQ. 0 THEN C) ELSE IF FAY2S1O - LEL FARCEIO 
..GE 20 THEN F440510 ELSE FAY2SIO 

544085 - AND. 

- AND'. 

FAACS7 - AND.. 

544098 - AND. 

4N5. 

N 

THEN FEON2S9 ELSE F rS9 
FNS9 THEN FRY 159 ELSE FZS9 
0 THEN 0 ELSE IF FAY2S9 .LE. FHACS9 
ELSE FAY2S9 

4. 
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COST DATA 
Chance in cost chat] d he rd eted to cahnqes in pc'tenti al yield 

(Per:ommendata or 10) A red onship between potential yiel d and 
wood costs be devcl oped form research 

'.Reccminendati on 11) - Unta 1 this. rd ati onshi p has been devel opec. 
update of the most current information (Recommendation 12) 

4re rId tree size and costs and uodeJ÷ed 
data, the cost. of coefficient in line 8017 should be chanqed to: 

= 57,89 

4' 4 4. * *. .4< 4<. 4' 4< 4. * * * 4<. 4. 4< 4< 4< 4< 4< 4< 4< 4 4< 4< 4< 4<. 4< 4< 4< 4< 4<. 4< 4<. 4< * 4< 4< 4< 4. 4< 4< 4< 4< 4' 4< 4< 4< 4<. * 4< 4<. * 4. 4< 4< * 4. 4< * 

51 4' (1— ':FAAC:Sl FAACSI ) ) *FC 

5105 NP'.) CALCUL-1TION 

FNPY5 1 NPVC. (FCOSTS I , I NT 
FNF-' 'FtQSTS2 INT 
FNPVE3=NPVC FCOSTS3., INT 

FCOSTS4 • I NT 
F NPVSS=NPVC FCOSTSZ. IN1 

INT 
FNF)S7NPVC (FCOSTS7. INT 
P NPc'ae=NPVC FCOBTSB, I NT 
FIIPVS9NPVC (FCOSTS9 INT 
F NFYS I C.'=NF'VC (FCOSTS 1 C) I 

F NF'VS 1. THRLI 
E-ORES1 5. NET 

4< NT V CALCULATION 
* 

(FCOSTE.I - 

(ECOST 82., 
FCOSTEC. 
FCOSTS4 - 

FCOS1 55. 

Fl-IT V58=NTV 
FNTVS?=Ni IV ',FCOSTS9. 
p NT ''51 (rj.JT'.) ( FCOSTS 

a:: o Ftfl (FNfl ,')S I 

0) 
RATE. 0) 
RATE. 0) 
FATE 0) 

RATE., 0) 
RATE 0) 
RATE. C).) 

RATE, 0) 
RATE C)) 

NT RATE.0) 
FNF'VSl C' 

VALUE = FNF'VSUM — MATR I >. (FNFVSUM 3) 

INT RATE. C)) 

I NT RATE, C') 

I NT RATE. 0;' 
INT RATE,O) 
INT 
INT RATE. 0) 
I NT PA CO 

INT RATEI Cu 
INT RATE. C)) 

10. 1NT RATE. C') 
1 HRU FF1 fOB 1 C)) 

in 

c i — (FAACS2C1 /FAA082) ) *FC - - 
' 

s.:s FcI:tSTS4=FAYS4* '.1-- '.FAACS4CI/FAACS4 ) *FC 
Bu-+C' FCOSTS5FAYS54< '.l(FAACSSCl/FAACSZ) )*FC 
Z1 

FCOETSTFAv57* (1—(FAACS7C1/FAACS7))*FC 
8055 RCOSTSBFAYSEi* (1— (FAACSBC1/FAACBB) ) *FC 
B'.;aO FCOSTS9FA'89* (1— ) *FC 

/FAACS1C)) ) *FQ 
5: FCOSTSLJM=SUM (FCOSTS1 

S)')',; * 

THRU FCOSTB1 0) 

8110 
8115 
81 2-u 

40 
d 1 4 
a 

1 55 
81. 

] 

'I 

82 
82 i S 

S 

FNTVS1 
FNT,)52=NTV 
F 11 

Ftfl 
FI.[f 
F Ni 



P42 
WE1 TERMINAL VALUE = FNTVSUM — MATRIX(FNTVSUM,3) 
* 

9005 * 

QfllC. * FURS MODULE 
9015 * 
9C2Q * 

UXVAR= (FMACSTOT—FAACTOT) /FAACTOT 
9'Y3!5 UUJ=TRIRAND(.B. 1.. 1.2) 

UU2=. c*uui 
UDv=JNTEF.POLATION ON tUXVAR, —i,—i.,--.B*LJU1.—.5.—.Z*UU2.— 

.5*LIUI, .2, .8* .5, 1; 
5'"'àt) USL= WHT—UTHBY) 

UTHUTHB'v, PREVIOUS 4 USL 
s4 TOTAL FUR HARVEST IN PELTS= UTH 

UL&SS=—IJTH*LJDY 
IN FUR HARVEST IN PELTS LILOSS 

UTCOST=—(UCOST/UTHBV) *UTH*UDV 
C' Ft IRS WE] PRESENT VALUE = UNPV 

91.95 

1 .fl! I 'LJTCUST. TNT RATE? 0) 
I I F :jcgwpv = UNPV —MATR I X c UNPV q 

9'zc'ci LINTV=NTVWTCOST, tNT RATEqW 
END OF MODEL 



F2 AGRICLILTUHE F13 
*t***t$***t* t,****t*fl*****1*t**fl*fl**************flfl****.**fl****.* 
The data that appears in the computer code should be changed as 
out]ined in the text of the report. The places the changes should be 
made are marked in the code. Recommendation numbers refer to 
recommendations in Section 4 of the text, except where otherwise noted. 

— ADD MAPLE SUGAR AS ANOTHER CROP TYPE ****t*****t********* 

Uie mcdei a '7'th crop type (Map]e eucar' should be added 
aria -nc]uced in the summations. (Recommendtion 3). 

4. * $ * 4 t * •4: *4' * * * * * * * S ** * * * * * * S * * * * * * * *55*55 * * * * * * * * * * S S * * * * * * * * * * * * * * * 

MODEL ASRT1 VERSION OF 08/11/82 15:02 

I 

I I 

I 'flu' 
£ 

13'.' MODULES L500— 
13! w INTERACTION 
14C S MODULES L5000— 
SOC' * 
505 * DATA SET 
51(' * 
5(2 * H-i' (MEQ/M*M) 
5t? 

xfl5** *S**St****************************$*t***********1i 

yIELD/CROP PPODUCTION DRTA (SECTION 4.5) 

**L**4 t*t**** *************************************w****************** 

MDL' SUGAR PRODUCTION DATA FOR BASE YEAR tRecommendation and 
Sect3on 4.5) 

t S V *t w * * * * * * * * * * * * * * * * * * * S * * * * * * * * * * * * * * * * * * $* * S 5 * * S * * * 4.55*5* * 

SOC * MGPICULTURAL yIELD 

=z) 

MTF"-"SOfl 

ATFMS5=v 
b3C' 

i-TPAS.=.o 
A,IF"MEBIl 

645 
o3C' ATC'AS 1 ('=0 
655 ATFAS1I=O 
660 
6a! ATPASI3=0 



F—14 
070 MTPAS24O 
675 
69') o=0 
095 ATP:.517=rj 
690 8=0 
e95 ATPAS19O 

ATPAS2Qrt) 
?05 ATPAS2IC' 
710 MTPAS22=C' 
715 ATPAS23=C' 

P.TFAS24=fl 
725 '41 
T26 ATF.AS2b=u 

ATPAS27=0 
72Et ATPM9280 
72c' 
T3fl MTPMS3Ofl 
7T5 
'4(. Al 

F'A33=Cl 

755 
7t" 

as 

; RATE 
Boo * 

265 PFxti 
860 
967 IPRXH=AFRXM 
809 APR XLAPRXM 

S7') t 

38o * 

Bce t 

,,)ij LUADING BASE YEAR CMEQ/M*M) 
90! * 

9t'i 

954 
* 
g LOADING BASE YEAR CMEQ/M*M) 
w 

CSOa=1. 

940 * 
45 * 

950 4 PATE 
!NT PA;E=t-:NTEREsT RATE 
t 

4000 w 

40':! w USER INTERACTION MODULE 
t 

4015 k 

attn * 
411E I' SLILFb;TE ÷ '4ITRMTE LOADING FROM RAINFALL 
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— DEPOSITTON COMPONENT — 

FIC3=&HflW DOES ACID DEPOS1TTOtI VARY OVER TIME: ICONSTANT. 
2=PRFV I FACTO 3=PREV2 OUS*FACTOR3& 
4130 S 

4135 (0 IF CONSTANT)& 
4140 FDUMSI=6504 , PREVIOLIS + FACfl3 
4l45 , PREVIOUS * FACTX3 
4150 F103 .EQ. I THEN CSO4 ELSE IF FIQZ -EQ. 2 ThEN 
FDLLMS1 ELSE FDUMS2 
4165 * '-IATLIPAL LOADINGS CF HYDROGEN. SL'LPHATES AND NITRATES (MEQ/M*I1i 
4(75 ,023119 S PRA 

L9i.iSN = - J.299/.503 
= cl.4278 * CSO4N) + 16.3128 

* ,.sNTHFOPOGENIC LOADINGS OF NITRATES AND SULPHATES (MEQ/MWM) 
s = C N03—CNO3N + 1 • 4278* (CSO4EX—C504) 

AMjIX= i-(CSO4EX—C504) 
LJADING OF HYDROGEN fflEQ/M*M) 

4�c'O t.• 
4"Qn 4:-i 

— CHriNGES TO DEPOSITION MODEL — 

numhers refer to recommendations in Section 2 oF 
the text? 

The and anthropogenic separartion of deposition levels can 
ne C Recommendation I,. 
The date' flies should contain monthly data -For each of the four acid 
deposii':nn inns sulfate, nitrate and ammonium for wet and 

.th--nnsstiLn seoarately. New variables for nitrate and ammonium need 
tn h9 sdded.. (Recommendation 2). 

For &c].lMr ground) effects, the four deposition variables 
icr) CSO4EX (sulfate ion), CND3EX (nitrate ion) and 

CNH4EX ion) should be calculated as the sum of wet deposition 
for active qrowing months tMay to October). (Recommendatian 3.) 

For scnl the four deposition variables APHEXM, CSO4EXS, 
Rnd CFu-I4EXS should be calculated as the sum of wet and dry 

4cr all months of the year. A user—specifiea 
be introduced which prorates annual øeposition; the 

default ehrt'.Jo be set to 65% (Recommendations 3 and 5). 

Z parameter should be introduced to allow 
hccroqen ion deoosition APHEX) to di4-fer from soil 

The detault should equate APHEX and 
Peccnn-nendat ion 4. 

1,€s user choLid not input deposition levels which lie outside the 
rai-1oe 3.5 . (Recommendation 7. This recommendation does not 
ren,.:± re to the code. 

5flOC' * 
Ff3!. 

5010 * 



5012 AFHEXI=-LOG10(CAPHEX/(PRX/100))*XPOWERV(10,—6)) 
5013 * 

5020 * CHANGE IN AGR. YIELD (ADY) 
5025* 
5030 FLI1UNIRANT)(.9, 1.1) 
5050 ADVSIINTERPOLATION ON 
,1,10,1) 
5055 ADVS2—INTERPOLATION ON (APHEX1,1.7,0,3,1,3.5,1.1*FU1,5.7,1,10,1) 
5060 ADYS3INTERPOLATION ON (APHEXL, 1.3,0,2.3,0.90*FU1,3,2, 1, tO, 1) 
5665 ADVS4ADYS3 
5070 ADVS5ADYS 
5075 ADYStINTERPOLATION ON (APHEX1?2. t,0,3.O,0.88*FLil,3.5,.98,4.2, U 
5080 ADYS7ADVS3 
5085 ADYSS—ADYS3 
5090 ADYS9ADYS3 
5095 ADVS1flaINTERPOLATION ON 
.08*FUL.5.5, 1.. tOw 1) 
S1C'O ADYS1 1AD'YSl 
5105 ADVS12ADYSI 
3110 ADVS13=f\DYS1 
5113 ADYS14=ADYS2 
5120 ADVS15ADVSÔ 
5125 ADVS16—ADYS3 
5fl0 ADYS1 ?—ADYS2 
5135 ADVS18mINTERPOLATION ON 
5140 ADVS19=ADVS3 
3145 ADYS2OADVS18 
5150 ADYS21INTERPOLATION ON (APHEX1,1.9,0,3,.9*FU1q3.5,1.1*FUI,4,1. LZFUL,4.5, t, 
10,1) - 

5155 aDYS22—ADYS1 S 
3160 ADVS23—ADVS2 1 
5165 ADYS24—ADYS6 
5170 ADY525—ADYS1 
5175 ADVS2ÔADYS1 
5180 ADVS27ADVØI 
5185 ADYS2SADYS 18 
5190 ADYS29ADVS1 
55195 ADYSO=ADYS1 
5200 ADVSS1—INTERPOLATZON ON (APHEX11.S,O,34.88*FU1,3.5,1.03*FU1,4. 

1 

**K*fl*t -CHANGES TO FOLIAR RESPONSE MODEL (Above Ground, — 

All crop types will have the same basic dose response function. 
These functions are in Exhibit 4.5 of the recommendations report, 
;Recommendation 1). 

The user should be able to chose the type of probability distributtan 
for the random variation, (e.g., uniform, normal or. triangular). 
A second choice should be whether the variation is correlated 

amongst crop types, (Recommendation 2. if the choice is 
correlated then only one set 0+ random numbers needs to be used. ,.n 

example of the code for a unitorm distribution and correlated deviations 
is as follows: 



F—i 7 
AND Lb 

= LiNT . 55, .72; 
= 1E :L51) 

= IN] 1 1 

1 1 . S 7, FLJ7 . 5, FLL1S 
4. 

= 

= 

outh;e rei atec option each crop type woui d reaul re a set o+ 
rac.i an interpol on 5tatement 

Ihe cft+ the mode sflouA d be normal di stri buti on with corre]. aited 
on 

4 t 

1' 

71 Lkl ('N OF 770F IELDS 
tPNL T"S 1 

v E:AA5. *.ANLT E: 

S 
fri '4;... 

7 
i:::: =NA52 * 

ITT .5 -- 

C' 

¶ .11 H 11 *.MNL.T 5:11 
:5 s 2=41AE1 2*:ANLT.S12 

T*ANLT'Sl 7 

7 
:.,c— J *ANL YE I B 

- - 
' : I 

71 c:: 1.1 ::. 

ANLTS2 
5 14 ANL 7524 

4 ANLTS27 

N 

1. 477 ANL.T FIT 

fl-4HL., 
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5& '4) AY 
5t 75 pcYAcsS3a*ANLTS36 
568C OF FOLIAR DAMAGES 

— CORRECT TN CALCULATIONS — 

Note that the original c:'de is wrong. The change in revenue is: 

F * (0' — 0) 

is GV/U •:line 5Cc.0) and MYS1 is 0 (line in the ccrie. 

For line 57u0 in the code equates change in revenue to: 

c:us-r = 99 t A/SI t (1/AD\SI—1) 
= P t 0 * 1/ 0/0— 1) 
= P 4 0 / ca' - 0 
= P — 03 

i-se code read 

= F * iO'—Q) 
= c9 * Q — 1) 

a * * — 

Thic correstion should be made to lines 5700 through 5875 and 600 
through olBS. The corection from the original model will change 
the cicln 0+ cost to positive benefit. Therefore the sign of ACOSTA, 
ane, must be changed as noted below. 

— ADD PRICE EFFECTS — 

once effects (Recommendation a) it should be: 
AFrOSI1 = cc*AVS1*((ADYSI—i)+O.5*(ADVS1 — 1)*(ADVS1—1)/ELASTI) 

Where fl.A3Tri the ci asticity estimate for either fresh fruit or 
t'r from section 4.5.2 in the Where elasticity 

ens not availaale (e.g., for tobacco), or prices are 
by institutionally or by marketing boards, price effects 

eho.:lø set to zero. Price effects should be activated by the user by 
an i.e.. the default should set price effects 

to 'Retnmmendation 10'. 

* * *4. * * S S t W * S * * * * * * * * * st * * * * * S * * * * * * S * * * * * M * * * * * * * * S S * * S St * * * kit * * * 

UPDATE E'M74 (SECTION 4.5) 

EUGAR PR1LC &4TA (Rec.ommendaion 3 and ection 4.5a 

(1/AL/Si—i) 
!7"5 AFCDSTFZ. '.1 . Afl1S2—I) 



5710 
'3715 

-. 

5 

5775 
BC 

ArrciSiRl .82*AVS1B* 
=2 9*A'vBl°* 

flStA'y52fl* 

c'eiAis:2* 

R? 

'jcqcr-vs2as 

?9'i.. 
oOtAvS29* 

15 tAYS3Ci$ 
=0. * 

Sfl=O. 22*AY532* 
'D&SAYSS* 

'r'E 75 5 
5f.:. 

6(1(3': j-.; 05S3=AYSI*U/ADVS1—i) 
(1 /ADVS2-1) 

ta I I C..-,L (1 
1 /ADVS4—'U 

ert ..;Li1. (1 /,DVS5—i.' 
t1!AOYSS—1) 

c'C'.fSil S J IADVSI—1) 
qS3iK /ADYSB—1) 

a(paI (1 

1 / A1J1S22—1) 
'1 

I 1 

1 

(1 /ADYS2O—1) 
(I 
ci .'4DVS22—1) 
1,ADISfl—1) 

(I /ADv2Z4—1) 
I /ADYS25—I) 
(1 / 
I IALYvSI7—I) 
ci. .'ADYSZB—i 
le'ADvS29—1) 
ci /ADYSSO—i) 
(1/ADVS3I—i) 
(1 /ADYS32—1) 
1/ADVS33—1) 
/ADV934—i) 
'AD Y935-1) 
IiADVS6—i) 

THF<LJ 

1—19 
1/At'VS—l 

I S*AYS4* (1 /ADYB4—I. 
(1 'ADISS—l) 

,AT C09156..:.4à*,ZYSÔ*(i/ADYSb-I) 
tl/AflrS7—1) 

I 14*AVSS*' (1 /ADVSS—1) 
B*AyS'5* I ADv59—1) 
i1$AYSIQt(i/Ar.Ys1o—fl 

MF13ST5122595AY912* Ci /ADYS12—i) 

5=i - 1 /ADYS1S—1) 
..Fc057c1 6=4. OtA 1336*41 /ACVSlo—I) 

'ADVS17I) 
5795 
c—c.,. 

,r4t 

-, 

S: 

¶.325 

.1 

Sa5o 
5S35 

rr —. — 
'—it. 1. 

alIuL.,.OFS 
eli 



Fa20 
ÔI3SAL.03S26=MYS2Ô* ci /ADVS26—1) 
614C'AL 05S27=Ay527* (1/ADYS27-1) 
S145ALOSS2G=A\ 528* U/ADVS28—1) 

(1,ADV329—1 I 
fl,ADYSSO—fl 

Av931t (1 /ADYS3I —1) 

hi 7t,AL.US (1 /AD YS33-1 
ai I 
tIBOALOSS3S=Pi S!5* (1 /ADYS3S—l) 

I (1 /ADYS3Ô—i1 
t 

S SOILS MODULE 
7010á 

* 

?')a': * 1rDRUGEN 

"45 T CE:' *4046 - 

— CHMNGES TO THE SOILS MODEL — 

n detennne iirning requirements catculate variable AHICEX as a 
tUrn ion' and additional sulfate aciditication 

ann ebove (Recommendation 4 and 5). 
calculations +or liming costs should be: 

= IF ABASE .LE. .2 THEN 0 ELSE IF ABASE .GE. .9 THEN 1 ELSE 
026 * ABASE .000164 * ABASE * ABASE — .079 

sn4TcEx = APHEXS + 2 * (.7 * — AR) * CSO4EXS 

r.hancie sic'r of AGOSTCA to be zonsistent with yield and other cost 

UFDATE COSTS OF LIME tRecommendation S and Section 4.51 

7C'55 = 1525 * XPDWERV(10.-9) * ADMEQH 

w. uIlROt3Ei4 
708C. * : f lUST CALCUL.4TE NON—LEGUMINOUS AREA 
,'.as * , PFOD'N/ACRE 

w St x: w t. w * t S * *4 * * * 4 * * * * Z ****w * w * * * * 4 * * * * * * 4*4.4 * * * *44 5 * * * * * S fl * S 

L,COHTF AcnRICULTURAL YIELD PER HA. SEE SECTION 4.Z 

U 

SE DATA' 

The ri JineF through 70 shnuld be revised 
outc.ut the or RiM models I L;. 
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ADD DATA (Recomrneneticn 3. Section 4.5) 

* FOR U ,PREVIOUS * 1.0145 
"n: FOR 1i.PREVIOUS *1.005 

S 1 11 qPREVIOUS * 1 

7110 * 1 FOR 11 ,FREVIOUS * I 

11 qPREVIOUS * 
U2C' * FOR 11 .PREVIOUS 

4 1.uu9 FOR Ii .RREVIOUS 
u13(: * .9573 FOR 11 
2.35 �.7.PREYIOUS * 1.038 FOR 11 ,PREVIOUS 

AAStO33S',PREVIOLJS * .95fl FOR 11 ,PREVXOUS 
* 1.010 FOR 11 ,PREVIDUS 
* FflR 11 

* 1.022 FOR 11 ,PREVXOUS 
.4qPREVIOUS * ipOl FOR 

11 ,PREVIOUS 
io=4c?.4.P11EV0U6 * 1.018 FOR 11 ,PREVIOUS 

A 
11 

FOR 11 .PREVIOUS 
-. tsu ,SY PFEV OUS * . 939fl FOR 11 ,PREV I DUE t 

* 1.fl29 FOR 11 ,FREVIOUS * 

* 1.007 FOR 11 qPREVIOUS * 

* 1.032 FOR 11 ,PREVZOUS * 
* 1.020 FOR 11 ,PREVIOUS * 

2fl5 * o.983 FOR 11 1PREVIOUS * 0.9920 
'Zl) AAS2bIBSflO.PREVJOLJS * 1.013 FOR 11 ,PREVIOUS * 1.007 

* 0.998 FOR 11 1PREVIOUS * 0.9991 
* 0.974 FOR 11 ,PREVIOUS * 0.9873 

T. 4 1.ua2 FOR 11 ,PREVIOUS * 1.0Th 
-:c:j-, 'lt$OSt.'=il#OO.PREVIOUS * 1.003 FOR 11 ,PREVIOUS * 1.0018 

* 1.016 FOR 11 ,FREVIOUS * 1.0080 
Ta0 AAS3Z=9400,PREVIOUS * 1.030 FOR 11 ,PREVIOUS * 1.0160 

* 1.029 FOR 11 ,PREVIOUS * 1.0149 
t 1.06] FOR 11 ,PREVIOUS * 

* 0.983 FOR 11 ,PREVLOUS * 0.9917 
* 1.011 FOR 11 ,PRE.VIOUS * 1.0055 

:L',.AT:ow DF cror ACREAGES 
Si ATFA51 / a4 

F4½54/80'? - 

140') 

- 

.' 2.7 

C.e"' 
AULTPInAI'AE]o.4c,.4 

.7r) 

I . 0075 
* I . 

* .1 . Ot)05 
£ 0.9986 
* 1.019 
* .9963 
* 1.0053 
* .9950 
* 1.0115 
1.005 
* 1.00CC 
* 

996 
* 0.9cr 
* 

1. o038 
1.Olol 
1.0104 
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fle" -'N1 0/ 2à500 
739S MWL 1S2 t=AIPAS2I /3540(' 

aitc. I 
7r? 
7asfl(i ,jNLT S24M1PA924 / 7390') 

74 IC, 2à1 18900 
Ar&1SZ7=ATPAS27/s.31 

7420 '-d"L 
67 

t-."JI. 1 1400 
;2000C' 

7a..4') I 32i94u0 
244 

534=A1FA534/à. 3 
4NLTS:,5=A IPASS5/72C90 

39SOo 
-" 

"—fri 

!Sl T1-4RLi 1-NLTS3Ô) ; TrIPU At&T) 

— IC; IKE NITRO$EN FERTILIZER COMPONENT 

.c the of anthrooogenic natural sources ot 
thepoaition. set 

= CJ4O3EXS + CNH4EXS (Recommendation I in Section 2) 

previoL'siy remove negative stgn in line 7510 4cr 
o, r.'aCOSTNO3. 

.t" 

k4046. 95 

NtTkLiBEN IERT1LIZHrION COSTS tFcecomendation S and Section 

.Js;,!LJ;=—:cc25 
4 

75z;3 * 

• 
F 

— JhLY hAkE UP TO THE OF SULFUR APPLiED — 
4) - 

= CE.C'-.EXS -GE. TNEN KgiHai ELthE 
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* * 4W * I 4 * * I 1*1* k * * * 4* * * St 1*44 * * * * * *4 * * * * * * * L t * * * * * * * * * S * * * t * t * * 3* * S Z 

rtcnEd, remove negative sign in line 75t30 +o'- ACflST3P4 4 

*. 

s.+r• 5 

%.ra FEFTILflING (Recommendation 8 and 
4.5) 

* *4 S;.i S * * * * * * * * * * S * * * 4* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4' * * *44* * * 3* *. 

...Stl' 
331 E3CDSTSW'-AFCOETSUM 

t 

aBC3ST3UM. INT RATE, 0, 
F2=4NFVF1—MATRI (ANPYF1 ,3) 

•?c.:J INT 0) 
X (ANPV1 .3) 

9flC1 .bl.JTV.141 V INT RATE, C)) 

1EN1' Ill DEL.. 

a 
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F.3 Human Systems 

Recommendation numbers refer to recommendations in Section 5 of the 
text, unless otherwise specified. 

*2*2 *****************t*********************************t*S*t*****fl** 

5 * HUMAN SYSTEMS MODEL 

10 COLUMNS 1979—2000 
15 ' DEPOSITION SCENARIOS 
20 * FIRST: DEPOSITION OF $04 FROM ANTHROPOGENIC SOURCES IN 
25 DOES ACID DEPOSITION VARY OVER TIME?1=CONSTANT,2=PREVIOU5 

+FACTOR3 
30 PACTX3=&FACTOR3(0 IF CONSTANT)& 
35 FDUMS1=CSO4,PREVIOUS +FACTX3 
60 FDUMS2'CSO4.PREVIOUS'FACTX3 
65 CSO4EX'IF P103 .E0. 1 THEN 0504 ELSE IF P103 EQ. 2 THEN FDUMS1 ELSE 

FDUMS2 

50 LOADINGS OF HYDROGEN 

55 
60 OSO&N=(APHEXN—l.299)/.503 
65 
70 'TOTAL LOADINS OF HYDROGEN 

75 APHEX=PHEX+.503422(CSO4EX—C504) 
80 ' ANTHROPOGENIC LOADINGS 

* * * * *2* * * * * *2*2*2*2*2*2* * * 2* * * * *****Z************ *2*22*2*2* * 1*2*2*2*02* 

Changes to Model 
(Recommendation numbers refer to recommendation in Section 2 of the 
text.) 

The natural and anthropogenic separation of deposition levels can be 
eliminated (Recommendation 1). 

The data file should contain monthly data for each of two acid 
depositions ions (hvdrocen and sulfate) for wet and dry deposition 
separately Recommendation 2). 

To calculate effects, deposition should be calculated as the sum of wet 
and dry sulfate ion levels for all months of the year (Recommendation 3 

and 5) 

For the water supply component of the human systems model, an average 
annual water and percent change from the current oH should be 
calculated for wet deposition (Recommendation 6 and Recommendation 17 
from Section 5). 

1*2*1 **********fl*********************************************2******** 

85 AHICEX=APHEX 

*1*2*1* *2*22* *****************t****** ************************* 2*2*2*2* 

35 AHICEX=APHEX—APHEXN 
90 
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a * a a * a a a a a a a a a a a a * a a a a * as a a a a a as a a a a a a a as * a a a a a * a a a a a a * a za a a a a a a a a a a a 

Modify sulphate $02 relationshio. (Recommendation 2). 
Original code calculates 302 from AKICEX (hydrogen ions). 

100 M6302s.I14VAKICEX 

Replace AKICEX with a new variable for annual average wet and dry 
sulphate deoositions. user for conversion factor of sulfate to $02 
(i.e., 1143 in Sine 100 should be changed to a user e soecific variable). 
It desired a default value based on equivalent atomic weights 
sulfate 96 grams; 502 64 grams) can be input. 

a a*aaasaaaas*saaa aaaa*aaaaaaaaaaaa*aaaaa*aaaaaa*aa*aaaaaaaaaaaaaaaasaa 

95 * SECOND: CONVERT MED'S OF ANTHROPOGENIC $04 INTO PIG'S OF $02 
100 MG$02x.l14.55AHICEX 
:05 MATERIAL SPECIFIC DAMAGE ESTIMATES 
110 MODEL PARAMETERS 
115 DISCOUNT RATE aIDISCOIINT RATE ((1.0)1 
120 DR= DISCOUNT RATE 

aaassaaaaaaaaaaaaaiaaa*aa*aasaaaa*asaasa*aa*aaaaalaaaaa*ataaaaaaaaaaa 

Update Ontario and reiional oooulation data for base year (ONIP and 
REGO, respectively) (Recommendation 14). 

Input growth rita. Calculate new ONIP and REGP each year, 
(Rnomnndat ton iii. 

125 QNTPa8522460 
130 REGPsDATA 

For aach material, make Ui. following changes: 

Uodate consumption data (Recommendation 10), by revising values for 
ON...... (of., ONCX for zinc). If desired, convert consumotion data into 
volume terms by dividino by the average price of each material. 

Allow material at risk to grow at the growth rate 
(Recommendation 11) by. including a growth rate factor for consumotion 
data. For zinø, the revision would be: 

ONCX • 36.5 a ONTP / 8522460 

where ONTP is the Ontario in each year, as defined 
above. 

Verify economic life and exposure factors ( cf., ECU and EXPX for zinc) 
as per Recommendation 12 and fl. 
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Add dry deøosition effects by eliminating adjustment to interaction 
values Recommendation 3). The adjustment is eliminated by dividing ill 
1980 interaction values (of., INYXI for zinc) by 0.40. 

saaasaa*aaaasaasaaaaaasaasasasaasa*sassaass*sas*saa**saa*aaa*asssaaas*s 

135 * CALCULATIONS FOR ZINC 

140 ONCXs36.5 
14.5 ECLXZ36 
150 
155 INYX UNIRAND(INVXLINVXU) 
160 INVXL..5*INVX1 
165 INVXUS2*INVXI 

Replace interaction values for zinc (Recommendation 8) as follows: 

Line 170 INVXI a (92.8 + 1.73) * POUERY(10,4) 

Modify line 180 aDprooriately: 

Line 180 ALFX a ONCX 'CCLX * EXPX * LU * (92.8 + 1.73 * 

16802) * POMERY(10,e4) S (REGP/ONTP) 

170 INVX1I.7L5XPOWERY(10,.'t) 
175 LFXa2.7 
180 ALFXZONCX*ECLX*EXPX*LFX*INVX*(REGP/ONTP)*MGSO2 

185 DAMAGES TO ZINCsNPVCIALFX.DR,0) 

190 2 CLACUALATIONS FOR CONCRETE 
195 ONCCISz342.9 
200 ECLCIBa4D 
205 ECISPCIS=.34 
210 LFCIB3.1 
215 INVCIB=UNIRAND(INVCIBL. INVCIBU) 
220 INVCISL * .5'INVCIBl 
225 INVCIBU 2*INVCIB1 
230 INVCIB1a3.2'XPOWERY(lO,—S) 
235 ALFCIBSONCCI5*ECLCIS*ECIBPCIB*LFCIS*INvCIB*MGSO2*(REGP/ONTP) 
240 DAMAGES TO 

245 * CALCULATIONS FOR COPPER 

250 ONCCOPPER=156.9 
255 ECLCOPPERa22 
260 ECOPPERPCOPPERz.34 
265 LFCOPPER*28 
270 INVCOPPER UNIRAND(INVCOPPERL,INVCOPPERU) 
275 IPIVCOPPERL: 55INVCOPPER1 
280 INVCOPPERU a2*INVC0PPER1 
285 INVCOPPER11.58*XPOWERY(10.e5) 
290 ALFCOPPER=ONCC0PPER*ECLCOPPER*ECOPPERPCOPflR9.FCOPPER* 

INVCOPPER'N0S02' (REGP/ONTP) 
295 DAMAGES TO COPPERaNPVC(ALFCOPPER.DR,0) 
300 * CALCULATIONS FOR ALUMINUM 



ONCALUMz 192.2 
EALUMPALUM=.34 
ECLALUM=16 
LFALUM=2. 4 

INVALUMz UNIRAND(INVALUML,INVALUMU) 
INVALUML 5tINVALUM1 

2*INVALUM1 

DAMAGES TO 
* CALCULATIONS FOR PAINT 
ONCPAINT=93. 7 

365 
370 
375 LFPAINT=3.9 
380 NVPAINT = UNIRAND(INVPAINTL,INVPAINTU) 
385 INVPAINTL 5*INVPAINT1 
390 INVPAINTU 2*INVPAINT1 
395 67tXPOWERY (10, —4) 

400 
rlGSO2t (REGP/ONTP) 
405 DAMAGES TO 

*22*2*22 *2*2* *2* ** * *2*2 2*2* *2*22* *2*2*2*2 ******** 2*2* *22*2* **t********* 

Create a set of calculations for steel (Recommendation 6). 

Consumption, economic life and value added and exoosure factor for steel 
should he included in new appropriately named variables (ie., ONCSTEEL). 
From Salmon (1970), the following values can be used: 

************2********* 2**2********************************************* 

± CALCULATIONS FOR NICKEL 
ONCNICK3O. 6 

ECLNICK=1& 
LFNICK2. 7 

34 
INVNICK UNIRAND(INVNICKL,INVNICKU) 
INVNICKL=. 5'INVNICKl 
INVNICKU 

F—2 7 

305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 

ECLPAINT=4 
EPAINTPPAINT=. 47 

PAINT2 INVPAINT' 

Economic life 18 years 
Value added factor 2.3 
(labour factor) 
Exposure index .02 

The interaction values should be calculated using Recommendation 7. 

Note: Units of NG502 are Kg./Ha. in 1980 model conversion to ug/sqm. is 
necessary. 

* *2*2 * *2* * 2 * ** *2*1 ***2********* * *************** ** ** 2*2*2*2* *2*22* ******* 

Remove Nickel calculations (Recommendation 5). 

415 
420 
625 
430 
435 
640 
445 
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450 O2tXPOL4ERY(1O,—5) 
455 ALFNICK=ONCNICK*ECLNICK*ENICKPNICK*LFNICK*INVNICK*MGSO2X (REGP/ONTP) 
460 DAMAGES TO NICKEL=NPVC(ALFNICK,DR,0) 

DAMAGES TO NICKEL should be replaced by DAMAGES TO STEEL in line 465. 

2* ** t******R**t*StS**tZ******** ****t*2S****t*****t****t2**2*2**22***flz 

465 TOTAL DAMAGES =DAMAGES TO ZINC+DAMAGES TO CONCRETE+ALFCOPPER+ 
DAMAGES TO ALUMINUM+DAMAGES TO PAINT+DAMAGES TO NICKEL 

** k***t*k********Sttt****tEt*****k**k***********,**t**s*fl*******sss* 

Add water supply systems (Recommendation 16—20 and Section 5.5) 

Create a data tile for each water treatment system, specifying: 

• pH levels of raw (intake) water 
• average flow 
• location (region) 
• relationship between chemical additions and pH levels 

For each system, calculate: 

with acid deposition (RecommendatIon 17) 
• the difference in intake water pH with and without acid 

deposit ion 
treatment of chemicals required to adjust oH 
(Recommendation 18). 

• the cost of incremental chemical requirements using 
average price data 

OPTIONAL: 
Create a data file for each community/district without water treatment 
systems, specifying analogous data as for water treatment systems. 
Introduce a user—specified threshold oH level, below which adjustments 
are made. Calculate incremental chemical costs as outlined for water 
treatment systems. 

*RStS2*****2t*t*t****,2tt**t2*2*****, **********t*********S**22******tS** 

END OF MODEL 
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People Contacted During Model Review 

Name Organization Telephone 

Paul Arp Department of Forestry 
University of New Brunswick 506-453-4501 

Torn Bates Land Resource Science Branch, 
University of Guelph. 519—824-4120 

John Cady Conference Board of Canada 613-526-3280 

Hank Van Beers, Land Resource Branch 
University of Guelph 416-965-7631 

Jim Brown Canadian Fertilizer Institute 613-230-9029 

Dick Coote Land Resource Research Institute 
Central Experimental Fan 613-995-5011 

Diane Diinma Terrestrial Effects Working Group 416-965-4516 
Ontario Ministry of the Environment 

Jack Donnan Corporate Policy and Planning Branch 
Ontario Ministry of the Environment 416-965- 

Giles Endicott Abatement Policy Coordonator 
APIOS, Ontario Ministry of the 
Environment 416-965-2214 

Alex Enyedi Air Resources Branch 
Ontario Ministry of the Environment 416-965-4516 

David Fayle Forest Resources Branch 
Ontario Ministry of Natural 
Resources 

Dave Grigel Department of Soil Science 
University of Minesota 612—373-1443 

Bill Gyzin Air Resources Branch 
Ontario Ministry of Environment 416-965-4516 

Kirk Hamilton Statistics 613—990-8585 

Ed Hanna E. Hanna Consultants 

Ellen Heale Agriculture Department 
INCO Ltd. 705—682—8213 

Gerry Hofstra Environmental Biology Department 
University of Guelph 519-824-4120 
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Bruce Huff Agriculture Canada 613-995-5880 

Patricia Irving Environmental Research Division 
Argonne National Labs 

Jay Jacobson Boyce Thompson Institute 607-257-2030 

Hammish Kiminins University of British Columbia 604-228-3549 

Al Kuja Air Resources Branch 
Ontario Ministry of Environment 416-965-4516 

John Kus Management Planning Section, 
Timber Sales Branch, Ontario 
Ministry of Natural Resources 416-965-7631 

Bill Langdenburg Ontario Ministry of Food and 
Agriculture 613-238-7326 

Sheila Larmer Architecture and Heritage 
Planning Section, Ontario 
Ministry of Citizenship and 
Culture, Torñto 416—965-4961 

Ron Malis Chief, Restoration Services 
Parks Canada, Ottawa 819-997-0390 

Richard Marleau Public Works Canada 613-997-5521 

Gary Martin Drinking Water Section 
Ontario Ministry of Environment 416-965-6995 

Hans Martin Atmospheric Environment Service 
Environment Canada 

Bill Mcllveen Phytotoxicology Section 
Ontario Ministry of the 
Environment 416-965-4516 

Dave McLaughlin Ontario Ministry of Environment 416-965-4516 

Ian Morrison Canadian Forestry Service 
Great Lakes Forestry Centre 705-949-9461 

Al Nausedas Wood Allocation Section, 
Ontario Ministry of Natural 
Resources 416—965—2731 

John Osborn Forest Management Information 
Section, Timber Sales Branch, 
Ontario Ministry of Natural 
Resources 416—965-6914 

P.S. Rao Economic Council of Canada 613-993-1253 

Gilles Rheaume Conference Board of Canada 613—526-3280 
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Alien Torrenueva Environmental Studies and 
Assessment Department 
Ontario Hydro 416-592-6314 

John Toth Consulting and Value Engineering 
Section, Ontario Ministry of 
Environment 416-965-1491 

Ann Vajdic Drinking Water Section 
Ontario Ministry of Environment 416-965-6995 

Martin Weaver Heritage Canada Foundation 
Ottawa 613_237_1066 

V. Westlake Monenco Consultants, Calgary 

Stan White Public Works Canada 613-997-7525 

Doug Williams Forest Economics and Policy 
Analysis Project 604—228—2983 

Peter Woodbridge Baynard Palmer, John Potter 
Woodbridge Reed & Associates 604-664-4977 

B. York Atmospheric Environment Services 
Environment Canada, Toronto 

Dick Zuker Economic Council of Canada 613-993-1253 


